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The Excretion of Vitamin B by Artificially Fed Infants. * 


ADALINE W. GULICK anp AMY L. DANIELS. 


From the Department of Nutrition, Iowa Child Welfare Research Station, State 
University of Iowa. 


Vitamin B in the urine and feces of animals and in human urine, 
has been demonstrated by Muckenfuss,* Van Der Walle,? and Coop- | 
er.” According to Cowgill* the vitamin in the urine represents the | 
amount ingested in excess of the needs of the animal, whereas that. 
in the fecal excretion has been shown to be unabsorbed material.’ | 
The presence of Vitamin B in the urine of an animal, therefore, | 
would seem to indicate the adequacy of the diet as a source of this 
factor; and the amount of the vitamin excreted in the feces should | 
give some measure of the amount not available to the organism. 

With such an interpretation in mind, a study of the intake and 


* This investigation was aided by a fellowship grant from the Mead Johnson 
Company of Evansville, Ind. 

1 Muckenfuss, A. M., J. Am. Chem. Soc., 1918, 40, 1606. 

2Van Der Walle, N., Biochem, J., 1922, 16, 713. 

3 Cooper, HE. A., J. Hyg., 1914, 14, 12. 

4 Cowgill, G. R., Deuel, H. J., and Smith, A. H., Am. J. Physiol., 1925, 73, 106. 

5 Dutcher, R. A., and Francis, E., Proc. Soc. Exp. Biot. AND MeEp., 1923-24, 
21, 189; McCollum, E. V., Simmonds, N., and Becker, J. E., J. Biol. Chem., 1925, 
63, 547; Salmon, W. D., J. Biol. Chem., 1925, 65, 457; Steenbock, H., Sell, M. T., 
and Nelson, E. M., J. Biol. Chem., 1923, 55, 399. 
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| excretion of Vitamin B (the antineuritic factor) has been made on 

| a group of 11 artificially fed infants and the retention of the vita- 

‘min determined. Thirty-three collections of urine and feces were 
tested. The food of all the children consisted essentially of cow’s 
milk, a carbohydrate modifier free from Vitamin B, orange juice, 
and cod liver oil. In a few cases a Vitamin B containing extract 
was added to the feeding mixture in order to ascertain the influence 
of a larger ingestion. The determination of the amounts of Vita- 
min B in the ingested food and in the excreta was made by a btolog- 
ical assay on young rats of uniform weight and uniformly depleted 
of their vitamin stores. Each sample of the concentrated urine and 
dried feces was fed at various levels, from one to 6 rats being used 
at each level. Parallel experiments with yeast indicated no destruc- 
tion of Vitamin B by the methods of concentrating and drying 
employed. A unit of Vitamin B was arbitrarily defined for the 
purpose of this study as the amount of the vitamin necessary to 
cause a young depleted rat weighing about 60 gm. to gain one to 
2 gm. per day during the experimental period of 8 days. 

Vitamin B, from 13 to 40 units, in the urine of the infants seems 
to indicate the adequacy of the cow’s milk feeding mixtures tested as 
sources of this factor. The amounts of milk fed were comparable 
in some instances with the amounts usually recommended by 
pediatricians, 1.5 oz. per pound per day. With infants younger 
than 3 months, however, the milk ingestion was somewhat higher. 
The amount of Vitamin B retained per unit of weight (av. 8.4 
units per kg.) is fairly consistent for all the infants whose vitamin 
balances have been calculated. The addition of 12 units of Vita- 
min B to the formula in the form of 30 cc. of wheat germ ex- 
tract produced no significant change in the amount of the vitamin 
retained. The excretion of large amounts of Vitamin B in the 
feces was observed to be coexistent with a fatty stool. In general, 
the amounts of milk necessary to furnish Vitamin B for growth and 
to allow for losses through lack of absorption in the infants studied 
were found to be comparable with the amounts commonly pre- 
scribed for artificially fed infants, namely 1.5 oz. per pound of 
body weight. With the younger baby slightly larger amounts of 

milk would seem desirable. The data suggest that the Vitamin B 


requirement per unit of body weight is higher in early infancy and 
; decreases with age. 
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The Micro Determination of Citric Acid by the Thunberg 
Methylene Blue Method. 


ADRIAN C. KUYPER anv H. A. MATTILL. 


From the Biochemical Laboratories, State University of Iowa. 


This method’ is based on the capacity of an enzyme found in 
cucumber seed to liberate hydrogen from citric acid for the reduction 
of methylene blue to the leuco compound. The speed of decoloriza- 
tion varies with the amount of citrate up to a certain concentration. 
Beyond this “critical” concentration there is no further decrease in 
decolorization time. 

The least amount of citrate necessary for maximum speed of de- 
colorization is influenced by the nature of the enzyme extract; this 
depends on the source of the cucumber seed, the amount of grinding 
and centrifuging in its preparation, the H ion concentration (during 
extraction and the reaction proper) and on the time the extract 
stands before use. Enzyme extracts less than 40 minutes old rapidly 
decolorize Me-blue even in the absence of citrate; with increasing 
age of the extract the decolorization time is greatly prolonged unless 
citrate is present. In practice enzyme extracts about 2% hours old 
have proved most satisfactory in revealing the “critical’’ citrate 
concentration. Of 20 determinations made on standard freshly 
prepared citrate solutions 15 were within 6% of the average. The 
other 5 varied more widely perhaps because of slight irregularities 
in the preparation of the enzyme extract. Adams and Boothby’ 
suggested extraction of the seed with water instead of with 0.87% 
K,HPO, at pH 8.2 because water extracts contain less extraneous 
substances which have an accelerating effect like that of citrate. 
The advantage gained by this procedure is somewhat offset by 
the higher ‘critical’ concentration of citrate necessary, and by the 
absence of buffer, other than that supplied by the seed. 

The sensitivity of the method is directly proportional to the 
amount of methylene blue present in the reaction tube. Large 
amounts of methylene blue (0.3 cc. of 1:30,000 solution) permit 
accurate reading; small amounts (1:120,000) are difficult to read 
but allow the estimation of as small amounts of citrate as 0.2 mg. 
per 100 cc. 


The modification of the method for the determination of citric 


1 Thunberg, T., Biochem. Z., 1929, 206, 109. 
2 Adams and Boothby, as reported at Montreal meeting, Am. Soc. Biol. Chem. 
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acid in the blood suggested by Benni, Schersten, and Ostberg? 
gives low and unreliable results because it compares a tube contain- 
ing a high concentration of Na and Ca with one in which no salts 
are present and without reference to the “critical” point. The 
presence of Na, Ca, or hexose di-phosphate alters the time required 
for decolorization but does not change the least amount of citrate 
necessary for maximum speed of decolorization. By increasing the 
sensitivity of the method through use of a smaller concentration of 
methylene blue, the effect of these substances is avoided. 

Oxalic acid in concentrations 3 times that required to prevent 
coagulation increases the amount of citrate necessary for maximum 
speed of decolorization. Oxalates therefore can not be used as anti- 
coagulants if plasma citrate is to be determined by this method. 

Preliminary experiments on rabbits showed that the citric acid 
content of the serum dropped very markedly during a 3-day fast, 
and that the administration of NaHCO, to fasting rabbits in- 
creased the serum citrate. 


5572 
The Psychopathological Effect of Sodium Amytal. 


ERICH LINDEMANN. (Introduced by Lee E. Travis.) 
From the State University of Iowa, Psychopathic Hospital, Iowa City. 


Isoamylethylbarbiturate was introduced into psychiatry by Lorenz 
and Bleckwenn in 1929. It was recommended to produce pro- 
found sleep which in certain neuropsychiatric patients was fol- 
lowed by peculiar changes in behavior. Lucid intervals with good 
contact and almost complete insight were produced in certain cases 
of catatonic dementia precox. Depressed or excited patients 
had periods of calmness and contentment. In some cases, improve- 
ment, in others a rapid recovery followed the repeated induction of 
sodium amytal narcosis. 

We conducted experiments guided by the assumption that the 
striking changes following sodium amytal administration cannot 
be sufficiently explained on the basis of the narcosis produced. We 
studied the drug action, therefore, in very small doses not leading to 
any narcosis or sleep at all. In examining patients’ responses as 
compared with the observations by the authors mentioned above we 
found that after the injection of less than half of the dose used by 


3 Benni, Schersten, and Ostberg, Biochem. Z., 1930, 223, 443. 
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Bleckwenn, when no signs of narcosis could be observed, there nev- 
ertheless was a striking change in the patient’s behavior similar to 
the change described as the result of narcosis. This led us to a 
more systematic investigation of the effect of sodium amytal, par- 
ticularly since such small doses are void of all the disadvantages 
and dangers involved in any prolonged narcosis. 

It seemed indispensable to study the effect of the same doses as 
used in psychotic patients with normal individuals. Sodium amytal 
crystals dissolved in distilled water to a 1 gr./1 cc. solution were 
injected intravenously. One grain was injected during the period 
of a minute. The injection was stopped as soon as the patient 
showed the first signs of psychological change. The administra- 
tion of 3 to 4% grains was sufficient to produce the change which 
we wanted to study. Twenty-four patients and 4 normal individ- 
uals were used as subjects. The normal individuals were one staff 
member of our hospital and 3 graduate students accustomed to 
making introspections. In all subjects we found certain neurologi- 
cal changes, such as speech defects of the paretic type, nystagmus, 
a disturbance of eye muscle coordination, and a mild degree of 
ataxia. There was also an increase in the threshold for pain stimuli 
as well as for smell and taste stimulation. There was the objective 
appearance of mild fatigue without any subjective signs of it. 

- The psychological changes in normal individuals were character- 
ized by a feeling of serenity and well-being, a desire to communicate 
and to speak about problems of personal matters usually not spoken 
of to strangers. There was also the feeling of being unable to 
guard against saying things which one does not want to and an 
inability to refuse to answer questions even if they refer to very 
intimate matters. There was a feeling of increased physical and 
mental abilities but no objective increase in psychomotor activities. 

The subject’s objective behavior was friendly, amiable, emotion- 
ally warm, sometimes sentimental, combined with a certain dis- 
tractibility and lack of power or willingness to stick to the subject 
of conversation. As a whole, the picture was of mild euphoria 
with rapid flow of associations but no increase in psychomotor 
activities. 

The patients belonged to the schizophrenic, cyclothymic, 
and psychoneurotic group. The outstanding change was an 
increase in ability or willingness to communicate thought content 
and memories. Catatonic patients who had been mute for months 
became communicative and gave valuable material about their 
trends of thought. Depressed patients told about subjective reasons 
for their feelings of guilt. The psychomotor activity in psychotic 
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patients showed a marked change in the direction of metrokinetic 
behavior. Catatonic patients lost their rigidity and their cataleptic 
symptoms. Patients with agitated depressions became quiet. Hy- 
perkinetic depressions were changed to normal states of motor ac- 
tivity. 

The mood appeared indifferent or mildly euphoric. Anxiety and 
apprehension gave place to mild indifference with a tendency to joke. 
In no case did we find a change in the essential structure of the 
systems of delusions and of perceptive distortions. 

Our studies show that sleep and narcosis are not necessary con- 
ditions for the production of the mental changes discovered by 
previous authors as the result of sodium amytal injection. In nor- 
mal individuals the drug produces a mild euphoria and a release in 
inhibitions and reserve which usually prohibit the individual from 
communicating about matters of emotional significance. The same 
mechanism seems to be at work in psychotic patients where it makes 
possible communications of the thought content, inaccessible to the 
usual means of clinical approach. The value of the method de- 
scribed above for diagnosis and for psychopathological investiga- 
tion of psychiatric conditions seems to be established. The effect 
of sodium amytal in this respect is similar to that of cocaine which 
was used by Berger in Germany. Amytal is to be preferred because 
it does not seem to have any undesired concomitant effects. The 
therapeutic influence of the drug does not seem to be specific. It 
allows a period of emotional rapport with the patient and gives 
access to thought material which can be utilized for subsequent 
psychotherapeutic efforts. 
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Exchange of Oestrin and Corpus Luteum Hormones in 
Parabiotic Female Rats. * 


ROBERT T. HILL. (Introduced by E. Witschi.) 
From the Zoological Laboratory, State University of Iowa. 


In a previous paper the author has described a method for testing 
the amount of blood exchange in parabiotic rats. A large series 


* Aided by a grant from the Committee for Research in Problems of Sex of 
the National Research Council. 
1 Hill, Robert T., Proc. Soc. Exp. Bion. anp Mup., 1931, 28, 592, 
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of twins show that an average of 24% of dye is found in the unin- 
jected animal at the end of one hour. Normal parabiotic female 
rats thus tested for their vascular connections come to maturity 
independent of each other. There is sufficient oestrus producing 
hormone exchanged to disturb slightly the cycles of each twin 
member, but not enough to synchronize them. The finer individual 
differences of each pair, according to a higher or lower amount of 
blood exchange are still under investigation. 

In a series of 11 pairs in which the oestrus cycles had been fol- 
lowed over a long period, both ovaries were removed from one fe- 
male. The castrate subsequently goes into anoestrum and only occa- 
sionally shows signs of oestrus while the normal female co-twin has 
normal cycles. This agrees with the above mentioned fact that 
there is little interference of oestrus in pairs of normal females. 
Our results vary from those of Martins,” who describes the produc- 
tion of oestrus in a castrate member by carry-over of hormones 
from the normal co-twin. The rats he used were put in parabiosis 
with the body cavities joined (coelioanastomosis). In this con- 
dition it is possible that some hormone exchange may take place 
also through the medium of the peritoneal fluids and not exclu- 
sively through the blood. To check this we have followed the 
cycles of 9 pairs, one member a castrate, in which the body cavities 
were not connected, and of 2 pairs in which they were in open con- 
nection. At present no difference has been noted between the 2 
conditions. 

At variance with the results of Zacherl* we have found that dur- 
ing pregnancy of one mate the oestrus cycles of the non-pregnant 
twin are from the beginning almost entirely inhibited by the action 
of the corpus luteum hormone of the pregnant member. In groups 
IX and XX fertilization occurred in the left member. Oe€strus 
nearly ceases in both members of each pair after the start of preg- 
nancy until a few days after parturition, when normal oestrus re- 
turns in the absence of nursing young. The curves of groups XXI 
and XXII show the consequences of the effect of a period of lacta- 
tion following parturition. As usual the lactating female stays in 
dioestrum. After parturition in group XXI the non-pregnant 
member started oestrus, but did not show the normal rhythm. Par- 
turition in group XXII was followed by onset of normal oestrus in 
the non-pregnant co-twin. Stopping of lactation is followed by 
normal oestrus in both members of a pair. 


2 Martins, Thales., Compt. Rend. Soc. Biol., 1929, 102, 605, 614. 
3 Zacherl, H., Klin. Wochenschrift., 1927, 6, 1614. 
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The above facts reveal a striking difference between the oestrus 
and corpus luteum hormones. It may be explained in 2 ways. Either : 
the corpus luteum hormone is secreted in a greater surplus than 
oestrin, or it may be absorbed more slowly, which would allow for 
a more nearly even distribution between both members of a pair. 

Furthermore, the hormones transferred during pregnancy from 
the pregnant member stimulate partial hypertrophy of the mam- 
mary glands of the non-pregnant co-twin. 
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Soil Aeration as a Factor in Growth and Root Development 
of Plants. 


W. F. LOEHWING. 


From the Department of Botany, State University of Iowa. 


The soil in which certain aquatic and terrestial angiosperms were 
growing was slowly aerated daily for a period of one-half to 5 hours 
by means of compressed air supplied through perforated coils im- 
bedded 8 inches below the surface. Helianthus annuus, Triticum 
vulgare, Glycine soja, Linum usitatissimum and cuttings of Vitis 
vulpina were grown in sand and in loam. At the age of 2 months 
conspicuous differences were apparent in aerated and unaerated 
plants on the same soil as well as between plants similarly treated 
but in different soils. As might be anticipated aeration did not 
produce the same effects in plants grown in loam and in sandy soil. 
Structural differences occurred in both tops and root systems, but es- 
pecially the latter. 

In general, roots in the aerated soils were distinctly fibrous in 
character, more numerous and longer, forming branches of secon- 
dary and tertiary rank. Total surface in aerated roots was twice 
or more that of control roots, but the root hair zone was smaller. 
Fewer hairs developed and these in turn were not as long-lived in 
aerated plants as in the controls due to the more rapid elongation 
of the aerated roots. Vascular elements a few inches above the 
root hair zone were less developed in aerated roots. 

The striking effect of aeration on tops was acceleration of growth 
in early stages, attributable to increased length of basal internodes 
rather than to an increase in the number. Contrast in internodal 
distance diminished noticeably, however, above the median nodes 
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and there was little or no difference in size of internodes near the 
tips. Elongation continued in controls after aerated plants had 
started to flower. This response tended to reduce size differences 
when mature plants of both groups were compared. The physio- 
logical effect of aeration on tops appeared to be acceleration in de- 
velopment with earlier maturation rather than prolonged develop- 
ment and increase in bulk. Percentage dry weight of top was the 
same in tops of aerated and unaerated plants. 

B. E. Dean, working in this laboratory under the author's direc- 
tion, has found that root systems of submerged aquatics, such as 
Typha, Sagittaria, and Hibiscus increase greatly in size in aerated 
sand, clay and muck. Roots in aerated soils were longer, more 
highly differentiated as shown by marked lignification of the new 
primary roots in many cases. In the main, unaerated roots were 
fibrous but less numerous than the corresponding fibrous elements 
of aerated root systems. Submerged (but not subterranean) water 
roots in Typha and Sagittaria were more numerous and profusely 
branched in unaerated soils. In every case larger tops were asso- 
ciated with more extensive root systems. 
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Exchange of Hypophysis Hormones in Parabiotic Amphibians.* 


EMIL WITSCHI. 


From the Zoological Laboratory, State Unwwersity of Iowa. 


Experiments of Burns’ and the author® on gonad development in 
parabiotic amphibians gave evidence of interesting variations in the 
mode of hormonic response in heterosexual combinations, which 
partly, are due to different hormone concentrations. Unfortunately 
the development of these reactions can not be followed satisfacto- 
rily in live pairs. In this respect conditions are much more favor- 
able in the study of the exchange of hormones of the hypophysis, 
because of the marked external effects which they produce as con- 
trollers of metamorphosis and chromatophore reaction. 


* Aided by a grant from the Committee for Research in Problems of Sex of 
the National Research Council. 

1 Burns, R. K., J. Exp. Zool., 1930, 55, 123. 

2 Witschi, E., Proc. Soc. Exp. Brov. AND Mep., 1930, 27, 763; J. Exp. Zool., 
1931, 58, 113; Witschi and McCurdy, Proc. Soc. Exp. Biot. AND Mep., 1929, 
26, 655. 
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The Californian newt, Triturus torosus, ordinarily metamor- 
phoses at about 5 months old. After hypophysectomy it becomes 
a perennibranchiate. As in other amphibians complete hypophys- 
ectomy causes also the contraction of the epidermal melanophores. 
The incomplete operation, however, leaves either the color un- 
changed or the larva becomes very dark. In the latter case the 
persisting intermediate lobe which, according to Allen,* controls 
the melanophore reaction, seems to hypertrophy. 

Parabiotic twins of this newt likewise metamorphose when 5 
months old. If hypophysectomized even as late as at the end of the 
fourth or beginning of the fifth month, they become perenni- 
branchiate and eventually also albinistic. If, again on the verge of 
metamorphosis, one only of the pair is hypophysectomized, meta- 
morphosis is delayed for from 2 to 6 months. From the fact that 
the unoperated twin-mate needs so much time to restore the hor- 
mone concentration to the level required for the inauguration of 
metamorphosis, we conclude that it can accomplish this not simply 
by an increased physiological activity but only through some hyper- 
trophy of its hypophysis. It becomes evident also that the anterior 
lobe normally does not release an overdose but just the adequate 
amount of the metamorphosis hormone. Thirdly, we note that this 
hormone is practically evenly distributed in the twin pair, for when 
metamorphosis after this delay comes on, it begins simultaneously 
in both animals. 

Slightly different is the melanophore reaction. If the hypophysis 
is removed from one member of a Triturus pair, it turns distinctly 
lighter than its co-twin and this effect is lasting even through 
metamorphosis. 

This difference between the metamorphosis and the melanophore 
reaction becomes even more pronounced in parabiotic chains. In 
this mode of grafting the hypophysis as a rule is completely re- 
moved from the posterior animal. Consequently its melanophores 
are contracted from their very first appearance and stay so per- 
manently. If the head is cut off the first member, its melano- 
phores contract also, within a few hours. 

One may, however, by cutting off the dorsal front only of the 
second animal, preserve part at least of its hypophysis. In such 
chains both animals have expanded melanophores. Hypophysec- 
tomy of the first animal of such a chain made it turn much lighter 
because of melanophore contraction, within a few hours. This pair 
has never metamorphosed but died at the age of 18 months. Serial 


8 Allen, B. M., Anat. Rec., 1925, 31, 302. 
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sections show a minute fragment of hypophysis, probably inter- 
mediate lobe, in the first one, not over 1/20 of the total gland. In 
the second one the Diencephalon has been pushed away by the spinal 
cord of the first animal, connecting with the Rhombencephalon of 
the second one. The infundibular region is covered with an ex- 
tensive crust of hypophyseal lobules which, structurally, resemble 
rather the intermediate lobe type. 

Again the color differences in these chains are lasting, even 
through metamorphosis. And again do we observe that the meta- 
morphic changes of both animals run synchronously. 

It appears that the zone of fusion acts like a filter, allowing the 
metamorphosis hormone to pass but retaining the melanophore 
hormone. Microscopic study shows that the circulatory systems of 
the 2 individuals are connected by a net of capillaries only. This 
seems to indicate that the melanophore hormone is quickly used up, 
disappearing in the capillaries. 

If frogs or toads are grafted in chains the hypophysis deprived 
animal stays lighter for about the first 2 weeks. In chains of 3 the 
third animal is very light for an even longer period. As in twins, 
however, the second animal later turns to its normal color. Meta- 
morphosis occurs simultaneously. When the resorption of the tail 
stump of the first animal begins, the second animal presently turns 
light again. 

Frogs and newts therefore give identical results for the meta- 
morphosis hormone and are but quantitatively different with re- 
spect to the melanophore hormone. 
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The Barrier Between the Blood and Cerebrospinal Fluid; a Micro- 
chemical Modification of the Walter Method. 


WM. MALAMUD anv B. M. MULLINS. (Introduced by L. E. Travis.) 
From the Iowa Psychopathic Hospital, State University of Iowa. 


In investigations of this barrier by the Walter bromide meth- 
od,” 7 * * ® the value of the procedure as an aid in the diagnosis and 


1 Malamud, Wm., Fuchs, D. M., and Malamud, N., Arch. Neurol. and Psychiat., 
1928, 20, 780. 

2 Malamud, Wm., Wilson, R. B., Arch. Neurol. and Psychiat., 1929, 22, 1135. 

3 Malamud, Wm., Proc. Soc. Exp. Brot. AnD Mep., 1930, 27, 477. 

4 Malamud, Wm., Rothschild, D., Arch. Neurol. and Psychiat., 1930, 24, 348. 

5 Malamud, Wm., Hayward, E. P., Zeitsch. ges. Neurol. und Psychiat., 1930, 


128, 295. 
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the control of treatment of mental diseases was demonstrated. The 
practical application of the method, however, was seriously ham- 
pered by technical drawbacks, one being the comparatively large 
amount of spinal fluid (8 cc.) necessary for the performance of the 
test. Such quantity at one puncture is, with few exceptions, contra- 
indicated in most cases of disease of the central nervous system. In 
most instances it may be followed ‘by headache, vomiting, backache, 
etc. In some diseases (such as intracranial tumors) it is quite dan- 
gerous and in some cases followed by death. The removal of small 
quantities is practically never dangerous if carried out with a reason- 
able degree of care. We have therefore searched for a modification 
of the original method that would enable us to carry out the test 
with a smaller quantity of fluid. 

We here describe such a modification and its application in 119 
cases where both methods were used and checked against each other, 
and where the large quantity necessary for both determinations 
could be taken without any untoward sequelae. 

After administration of bromides and preparation of patient,” 
15 cc. of venous blood is taken and treated with trichloracetic acid 
and gold chloride. The solution is then read in a colorimeter 
against a standard of known bromide content, and the bromide con- 
centration in the blood computed. 

Three cc. of spinal fluid is then obtained by lumbar puncture and 
to this 0.6 cc. of 30% trichloracetic acid is added. After allowing 
this to stand for 15 minutes, it is filtered and to 2 cc. of the filtrate 
0.4 cc. of 0.5% gold chloride is added. The solution obtained is 
then read against a standard bromide solution and thus the bromide 
content of the spinal fluid is determined. By dividing the bromide 
content of the blood by that of the spinal fluid we get the distribution 
vaito. (To gain time one can read the spinal fluid directly against 
the blood and thus obtain the ratio.) The colorimetric determina- 
tions are made with the aid of a Duboscq microcolorimeter No. 3625 
instead of the original macrocolorimeter No. 2502. 

In 119 cases there was a very high degree of correlation between 
the readings obtained by the 2 methods. Ina large number of them 
the readings were actually identical. In the others they varied with- 
in 0.07. Since the variation in different readings by the same 
method and the same person are at least at high as these, it would 
seem that there is practically no difference between the two. 

The correlation between the 2 methods, then is +.999+.0001. 

The results obtained show that the above described modification is 
reliable and can be safely used instead of the original method. 


Missouri Section. 


St. Loms University School of Medicine, May 13, 1931. 
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The Luteinizing Substance of Pregnancy Urine. 


P. A. KATZMAN, LOUIS LEVIN anp EDWARD A. DOISY. 


From the Laboratory of Biological Chemistry, St. Louis Uniwersity School of 
Medicine. 


That pregnancy urine contains a luteinizing substance was first 
shown by Zondek.* From his later work” it appears that the lutein- 
izing substance is different from the agent that causes ripening of 
the follicles, even though such a separation has not been made with 
urines of pregnancy. 

Extracts prepared by us from pregnancy urine seem to produce 
both maturation of follicles and luteinization. In the immature 
mouse or rat premature estrus is effected by their administration. 
We have tentatively defined one mouse unit as the minimum amount 
that causes opening of the vagina and estrus on the twenty-second 
to twenty-fourth day of age, after being administered subcutan- 
eously to 19-day-old mice in 6 equal portions during the course of 
3 days. This criterion of activity seems to be quite satisfactory if 
one is assured of the absence of the estrogenic substances. De- 
pending upon the degree of purification, the mouse unit has varied 
from 0.03 to 0.001 mgm. This amount produces a marked hyper- 
emia and development of the ovaries and uterus but very little 
luteinization. 

The daily administration of these extracts to adult female rats 
produces for the first 5 to 10 days an almost continuous state of 
estrus, due probably to stimulation of the follicular apparatus. Cor- 
nified cells then disappear from the smears, possibly as an effect of 
the extensive luteinization. The inhibition of estrus persists for 5 
to 12 days following the cessation of the injections, the cycles then 


1 Zondek, B., Klin. Wschr., 1928, 7, 30. 
2Zondek, B., Klin. Wschr., 1930, 9, 1207. 
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reappearing with a slight prolongation of the diestrus interval. The 
ovaries of the treated animals are loaded with corpora lutea and 
weigh 4 or 5 times as much as those of the controls. 

Kelly® has reported that the injection of pregnancy urine into 
pregnant guinea pigs invariably produces abortion. The adminis- 
tration of our extracts to rats greatly prolongs the gestation period.* 
This is true when the injections are started at any time between 
the fourteenth and nineteenth days of pregnancy. At autopsy the 
fetuses are usually dead and partially resorbed but fully developed 
and often of greater than normal size. The ovaries are much larger 
and more luteinized than those of control pregnant rats. 

Since the luteinization is so pronounced it would seem reasonable 
to attribute the delay of parturition to this phenomenon. To test 
this idea we have administered the extracts to ovariectomized preg- 
nant rats but in no case was the gestation period prolonged. Ap- 
parently, the presence of the ovary is necessary to produce this 
effect and since large quantities of theelin have no influence on the 
pregnancy, it seems probable that the corpora lutea are responsible 
for the retention of the fetuses. 
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Chromatophore Reaction to an Oestrogenic Hormone. 


PAUL L. CARROLL, S. J. (Introduced by E. A. Doisy.) 
From the Department of Biology, St. Louis Uniwersity. 


Some 3000 tadpoles (Rana pipiens) were treated during 5 months 
with the oestrogenic hormone theelin obtained from the Biochem- 
ical Laboratory of Doctor Doisy. Several series of experiments 
were carried on simultaneously in which the tadpoles were exposed 
to different concentrations of theelin over varying periods of time. 
In other experiments 100 tadpoles were injected with the hormone. 

In one series 250 tadpoles just emerged from the gelatin coating 
were placed ina 1000 cc. aqueous solution of theelin 0.0000003125 
mg./cc. for 60 minutes. On successive days the exposure time was 
increased by 60 minutes for a period of 10 days. This time incre- 
ment was kept constant during the rest of the experiment but the 
concentration of the hormone was doubled every 10 days until a 


‘ Levin, L., Katzman, P. A., and Doisy, E. A., in press. 
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concentration of 0.0000025 mg./cc. was attained. The experiment 
was completed on the 40th day. Higher concentrations of the hor- 
mone effected a marked change during the last 10 days of the ex- 


Fug. 1. KILLS 


Fie. 4. 154 


Fig. 6. 450 ’ Fie. 7. «450 
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periment. Microscopic examination of fresh epidermis mounts re- 
vealed a recession of pigment centrally toward the cell body in the 
epidermal melanophores and a pseudopodial expansion of the 
leucophores. 

Some 65 tadpoles (total length 26 mm.) were injected intraper- 
itoneally with 0.05 cc. theelin 0.00035 mg./cc. on 3 successive days 
by means of a glass needle (0.1 mm. diameter) attached to a Cham- 
bers microinjection apparatus. Color change (silvering) was first ob- 
served on the 6th day after the first injection. Tadpoles A and C 
(Fig. 1) show the color change following the injection. Tadpole B 
(Fig. 1) is a control. This is a photograph of the living animals 
quieted in iced water. Fig. 2 shows a mounted section of epidermis 
from the mid-tail region of tadpole B. The epidermal melanophores 
are multi-branched with frequent anastomosis. Fig. 3 shows a similar 
section from tadpole A. A recession of pigment centrally toward 
the cell body is seen in the epidermal melanophores. Practically no 
anastomosis nor marked branching is evident. Fig. 4 shows the 
normal contour of the leucophores in the control tadpole. Fig. 5 
shows the pseudopodial expansion of the leucophores in the experi- 
mental animal. Figs. 6 and 7 are microphotographs taken by dark- 
field illumination of the leucophores from control and experimental 
animals respectively. The normal contour of the leucophores in the 
control animal and the pseudopodial contour of the leucophores of 
the experimental animal are evident. All of the photographs are 
made from untouched negatives. 

Conclusions. he oestrogenic hormone apparently has an effect 
upon the pigmentary system of the tadpole causing albinism. The 
chromatophore reaction involves a centripetal movement of pigment 
in the epidermal melanophores and a pseudopodial expansion of the 
leucophores. The velocity of the reaction is directly related to the 
concentration of the hormone and the duration of exposure. In- 
traperitoneal injection causes a more rapid response. It is generally 
admitted that the pigmentary system of amphibia is controlled by 
the secretions of the pituitary. Extracts from the pituitary gland 
cause melanism. The oestrogenic hormone causes albinism. It is prob- 
able that in the control of the melanophores and the leucophores 
there exists a physiological antagonism between the secretions of 
the pituitary and the oestrogenic hormone. A further histological 


study of the effect of the injected theelin upon the amphibian pitui- 
tary will be presented in later studies. 
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Effect of Super-Centrifuging on the Fission Rate of Paramecium. 


PATRICK H. YANCEY. (Introduced by M. 8. Fleisher.) \ 


From the Department of Biology, St. Louis Unwersity, and the Marine Biological 
Laboratory, Woods Hole. 


McClendon’ reported that prolonged centrifuging (585 times 
gravity for 24 and 32 hours) increased the fission rate of parame- 
cium. However, his experiments were extended to so few animals 
(6 experimental and 6 controls) and his controls divided so slowly 
(an average of 0.11 per day), and had such a high mortality (only 
one survived the whole period of the experiment) that some doubt 
has ‘been cast on the validity of his conclusions.’ 

In the present investigation higher centrifugal forces (21,000 
and 32,000 times gravity) were employed but for shorter periods 
(one to 45 minutes). The apparatus used was the Sharples Super- 
Centrifuge, hence the treatment is referred to as “super-centrifug- 
ing.” The form experimented on was P. multimicronucleata ob- 
tained from Prof. L. L. Woodruff of Yale University. Over a 
hundred individual lines were followed but only the average division 
rate of each set of super-centrifuged animals is given in the table. 
The number of animals in each set varied from 3 to 20. The indi- 
vidual organisms and their controls were maintained in 0.025% 
beef extract solution according to the method of Woodruff and Bait- 
sell® The duration of the experiments was from one to 39 days. 

The results are given in Table I in which are recorded minutes of 
super-centrifuging, days of survival of the individual lines, average 
fission rate of each set of super-centrifuged animals and their con- 
trols during the first 24 hours after treatment, during the first 5 
days, and during the whole period of observation when this ex- 
tended beyond 5 days. The reason for this division was to ascer- 
tain whether the immediate effect of super-centrifuging might be to 
stimulate division as McClendon found, because the majority of his 
divisions occurred during the first 5 days after treatment. A fur- 

ther division of the experimental animals into ‘‘Normals” and “Ab- 
normals” is made on the basis of absence or presence of visible 
morphological changes in them following super-centrifuging. Where 
the same controls were used for more than one set of experimental 


1 McClendon, J. F., J. Exp. Zool., 1909, 6, 265. 
2 Dobell, C., J. Gen., 1914, 4, 131. 
3 Woodruff, L. L., and Baitsell, A., J. Exp. Zool., 1911, 11, 135. 
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animals (as happened when more than one batch were super-centri- 
fuged on the same day) they are counted only once in the aver- 
ages. The values for the “Normals” and “Abnormals” are com- 
bined and the rates for the 3 periods are averaged. 


TABLE I. 
Fission Rate of Super-centrifuged Animals and Controls. 
Minutes} Days First 24 Hours First 5 Days Total Period of 
Super- |Sur- Observation 


centrif. | vival 5 
Norm.}| Abnor. | Cont. |Norm.| Abnor. | Cont. | Norm.| Abnor. | Cont. 


al 6 | 1.00 3:00 | 2:80: | 1.20 1.40 12325) al00 1.20 1.26 
2 39 0.70 0.00 | 1.00 | 1.00 ee |) aS 1.28 
3 38 0.00 | 0.00 0.40 1.14 1.16 25 
5 2 2.60 1.60 | 1.00 
10 30 | 3.00 1.00 | 1.00 1.16 1.34 1.21 1.28 
15 26 1.10 1.00 | 2.00 1.16 1.32 aL 1.30 
20 21 3.00 2.00 | 1.40 124 PLeG 1.19 1.42 
25 3 0.80 | 1.00 
30 Sate 0.00 | 1.70 
45 6 | 0.00 1.00 | 0.60 1.84 | 1.02 1.79 1.10 
Aver.* 1.19 0.72 | 1.27 | 0.90 1.03 12232) 1206 1.14 1.25 
Combin 
ed av.* 0.95 0.96 1.10 


* These averages represent 20 experiments of which samples only are given in 
the table. 


From these results it appears that the effect of super-centrifuging 
is in general to lower slightly the fission rate of paramecium. This 
is true not only during the entire period of observation (77% of 
cases) but also during the first 24 hours (65%) and during the 
first 5 days after treatment (75%). This lowering of the fission 
rate seems to be due to an internal disorganization of the cell because 
it happened in both “Normals” and “Abnormals” and persisted in 
the latter even after all visible structural defects due to the treat- 
mygt had disappeared. However, this change cannot be regarded as 
a mutation because the longer the lines persisted after super-centri- 
fuging the nearer the rate approached that of the controls. It may 
be what Jollos* calls an “enduring modification”, that is, one which 
persists for some time but not permanently. 


4 Jollos, V., Biol. Zentralbl., 1913, 38, 222. 
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The “‘Iterative’’ Nature of the Vagus Nerve Fibers to the Heart. 


ARTHUR 8. GILSON, JR. (Introduced by Joseph Erlanger.) 


From Washington Unwersity School of Medicine. 


If the right vagus nerve of a turtle be stimulated electrically, the 
degree of inhibition produced in the heart depends upon a number 
of factors. If we consider only those introduced by changing the 
nature of the stimulation used, the inhibitory effect will depend 
upon (1) the shape of the time-voltage curve of the shock used, 
(2) the strength of the individual shocks used, (3) the number of 
stimuli applied to the nerve, and (4) the frequency of stimulation. 
Since such variables must act through changes in the nerve fiber 
responses and since such responses follow the all-or-none law of 
fiber response, the following argument must hold. The strength of 
stimulus applied must, of course, be great enough to reach the 
threshold of one or more vagus inhibitory fibers before any cardiac 
inhibitory effects will appear. As the shock strength is increased 
above this threshold strength, there will be a resultant increase in 
the number of nerve fibers stimulated. There will also be an in- 
creased inhibitory effect upon the heart. The inhibition may attain 
a certain maximum which is probably achieved in consequence of 
the stimulation of all of the cardiac inhibitory fibers in the nerve. 
The effect of an increasing number of stimuli in producing an in- 
creased inhibitory effect can be thought of only as an increase in 
peripheral effect. The effect of changing the stimulus frequency 
is such that increasing the frequency of stimulation up to a certain 
amount (between 10 and 40 stimuli per second in most cases) 
causes an increased inhibitory effect upon the heart. With increas- 
ing rates of stimulation the inhibitory effects become no greater hit 
rather become less. The decrease in effect with an increase in rate 
is probably related to a Wedensky type of inhibition which develops 
in the nerve (or the end mechanism) with too rapid stimulation. 

The summating effect of repeated stimulation of the vagus and 
certain other nerves led Lapicque’ to the expression of the theory 
of iterative nerves. In iterative nerves, the chronaxie values of the 
nerves are presumably much less than the chronaxies of the re- 
spective end organ mechanisms. A series of several nerve impulses 
are supposed to be necessary for building up, by the phenomenon 
of latent addition, an excitation process in the end organ sufficient 


1 Lapieque, L., C. R. de l’Acad. des Sci., Paris, 1912, 155, 70. 


880 PROCEEDINGS 


for a threshold response. The vagus nerve as inhibitor to the heart 
is considered to be typical of this group of nerves.” The criterion 
of threshold effect which is adopted in this case by Lapicque and 
Meyerson is the complete stoppage of the heart. 

We find that in many preparations, it is possible to stop com- 
pletely the entire heart of a turtle by a single shock applied to the 
right vagus nerve. It can be demonstrated by means of a record- 
ing instrument such as the cathode ray oscillograph that the stim- 
ulus produces but one single response volley in the nerve. The 
assumption of the necessity of repetitive stimulation of the nerve to 
produce stopping of the heart is therefore without support in fact, 
even if we were to accept the stopping of the heart as being a 
threshold effect. That peripheral summation is of importance may 
be recognized from any group of records such as those of Figure 1. 


a 
PAJAMA MAK ined tified, 


L. 


Fie. 1. 
Records obtained with lever attached to one atrium of turtle (P. elegans), 3/10/31. 


A. 1.0 mfd., 22 volts, right atrium, right vagus, single shock. 

Be LOsmidee (One 22 nse) ”) 5) ce) ” ”) 

OLED simiGl, Sy 4 Me) ”? ”? ” 9 ” 

IDR Oa aiiiol,, Gi 9 ” ” ” ” ” 

H. 0.01 mfd.,45 ”” ay) 2 ” ” ” ” 

POO) mide? 23 ?? 3 per second between S; and So. 
G. 0.25mfd.,22 ’’ left atrium, left vagus, single shock. 

He 0:25 nat diye ace F) eS 


. 3 stimuli per sec. between 8, and So. 
Time intervals, 1.0 second. 


Condenser in series with 10,000 ohms. Nerve on silver wire electrodes, 5 mm. 
separation, 

The inhibitory effects upon the heart as a result of stimulation 
of the vagus by electrical shocks of various forms, strength, fre- 
quency, and number have been studied in our own records and 
those published by previous workers in this field. The results ob- 
tained appear to be entirely consistent with the view that the amount 
of cardiac inhibition produced is dependent upon the number of. 


2 Lapicque and Meyerson, C. R. de la Soe. Biol., Paris, 1912, 72, 63. 
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vagus inhibitory fiber impulses delivered in a given period of time. 
If stopping of the heart be taken as an example, we may say that 
nm vagus fiber impulses are necessary to produce this effect. Con- 
sidering only shocks, each one of which produces a single vagus 
response volley as determined by the cathode ray oscillograph, a 
long lasting shock of sufficient intensity will, in certain preparations, 
stop the heart, 7. e., stimulate m vagus fibers. If the shock duration 
be made shorter, or the intensity be made less, so that each shock 
stimulates only n/a fibers, at least a shocks must be delivered to the 
nerve before the heart is stopped. Since the effect of a single vagus 
volley does not last indefinitely, the condition of repeated stimu- 
lation may require that more than a shocks be used, this number 
being dependent upon the frequency of stimulation. It seems 
probable that a similar argument can be applied to the other so- 
called iterative nerves. 


5581 
Serum Sickness in Rabbits.* 


MOYER S. FLEISHER anp LLOYD JONES. 


From the Department of Bacteriology and Hygiene, St. Louis Uniwersity School 
of Medicine. 


It is well known that serum sickness appears in a very large pro- 
portion of individuals injected for the first time with normal horse 
serum or with various antisera. For the experimental study of 
this reaction it is of value to be able to reproduce in laboratory ani- 
mals a condition analogous to serum sickness in man. We believe 
that the results reported below are the first ones concerning the oc- 
currence of serum sickness in rabbits. 

When a single injection of horse serum is given to rabbits in 
sufficient quantities either intravenously, intramuscularly, subcutan- 
eously or into the subscapular tissues, there appears, from 3 to 7 
days after the injection, a reaction characterized by erythema and 
edema. This reaction is evident on the rabbit’s ears; there is noted 
a generalized flush which may involve the entire lower three-quar- 
ters of the ear, and which may be diffuse, confluent and of even 


* We wish to express our appreciation of the kindness of both Eli Lilly & 
Company and the H. K. Mulford Company in supplying us with both normal horse 
serum and the immune sera used. 
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intensity, or diffusely distributed, mottled and with discrete darker 
patches; the edema appears characteristically in the basal third of 
the ear but may extend upward to involve the entire lower two- 
thirds of the ear. The edema is frequently so marked that the 
pitting subsequent to pressure can be noted visually. The erythema 
and edema may each occur alone but both are usually present. These 
reactions can easily be differentiated from those occurring in the 
normal rabbit’s ears; here hemorrhages, petechial or more extensive, 
and small circumscribed patches of erythema may be noted. Such 
appearances are very common. At times edematous areas often 
associated with trauma or hemorrhage occur; in the normal animal 
these latter reactions are usually noted in the upper half or two- 
thirds of the ear, and such areas were found in only 35 of 147 nor- 
mal animals which were observed for periods of 2 to 8 weeks. 

In a total of 98 animals receiving an adequate amount of normal 
horse serum, positive reactions (generalized erythema, a basal edema 
or both) were observed in 66; the percentage of positive reactions 
being therefore slightly less than 66%. Ina majority of the ani- 
mals the reactions appeared subsequent to injection of the serum into 
tissues far removed from the rabbits’ ears. It appears that at least 
5 cc. of serum per kilogram must be injected into the rabbit to 
bring about a positive result. Quantities as high as 10 cc. per kilo- 
gram have been effective. In 8 animals injected with 3 cc. per 
kilogram no reactions were noted. During the experiments 5 differ- 
ent sera were used. The reactions most frequently appeared on the 
fifth and sixth days after injection. White rabbits are more satis- 
factory for use in such experiments, but the reactions have been 
observed in either brown or black rabbits. 

In a more limited number of animals receiving various antisera, 
similar reactions were produced. 

In a number of animals receiving a second injection of horse 
serum from 4 to 6 weeks after the first one either immediate or ac- 
celerated reactions appeared in which edema and erythema were 
manifest within several hours to 3 days after the injection 

Studies of the precipitin and precipitinogen in the blood of the 
injected animals at various periods after injection have not demon- 
strated any obvious relationship between the time of appearance of 
the precipitin or the observed titers of antigen and antibody on the 


one hand, and the occurrence of the reactions of serum sickness in 
the rabbit on the other hand. 
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5582 
Virulence and Electrophoresis of Bacillus Diphtheriae. 


LLOYD JONES. (Introduced by M. S. Fleisher.) 


From the Department of Bacteriology and Hygiene, St. Louis University School 
of Medicine. 


Thirty-two cultures of B. diphtheriae isolated from as many diag- 
nostic throat cultures and 2 laboratory stock cultures (No. 300 and 
Park No. 8) all of which exhibited characteristic morphology and 
fermentative reactions with carbohydrates, were examined for viru- 
lence and for velocity of electrophoretic migration. 

All of the cultures fermented dextrose and galactose. Some of 
the cultures utilized dextrin when first isolated while other strains 
acquired the ability to utilize this substance after continued labora- 
tory cultivation. None of the strains fermented sucrose. Accord- 


TABLE I. 

Culture No. P. D. p/sec./volt. Virulence (Guinea Pig) 
32 -260 x 
a3 .340 — 
1 Oil x 
30 387 x 
20 .394 xe 
15 .394 — 
14b .395 — 
9 .395 x 
300 .412 x 

Park-8 416 x 
21 418 x 
19 420 x 
37 440 x 
28 457 — 
10 480 x 
39 490 x 
7 502 x 
14 .505 _— 
31 012 x 
22 wood x 
34 woaT x 
3 .550 x 
6 557 — 
A 592 x 
13a .595 x 
12 .640 x 
17 .650 x 
35 677 x 
38 .690 x 
16 .692 x 
5 .714 ax 
29 -735 x 
26 137 Soe 

i a ea 
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ingly, upon the basis of carbohydrate fermentation all cultures were 
considered typical of B. diphtheriae. 

Virulence was determined by intracutaneous inoculation of guinea 
pigs. Electrophoretic mobilities were determined by the use of a 
Falk micro-electrophoresis apparatus and velocities of migration 
calculated as micra per second per volt. 

The data indicate that virulence or lack of virulence of these or- 
ganisms for the guinea pig is not correlated with the observed veloc- 
ity of electrophoretic migration, since 27 virulent cultures exhibited 
widely divergent mobility rates. P. D. varying from 0.260 to 0.750 
and similarly in 7 avirulent cultures P. D. varied from 0.340 to 
0.737 »/sec./volt. 

From several virulent cultures, aberrant avirulent types were 
developed through forced dissociation and in these latter lack of viru- 
lence was not correlated with any significant change in the rate of 
electrophoretic migration. 

Agglutinability of cultures with high and with low P. D. in the 
presence of salts, such as calcium chloride and copper acetate, was 
determined. In general, cultures having low P. D. as indicated by 
low velocity of electrophoretic migration, were agglutinated by a 
lesser concentration of electrolyte than were the cultures having 
higher P. D. values. However, as noted in the electrophoresis ob- 
servations agglutinability in salt solution did not bear significant re- 
lationship to the virulence of the culture 


5583 
Further Experiments on Artificial Immunity to a Larval Cestode.* 


HARRY M. MILLER, JR. (Introduced by J. Bronfenbrenner.) 
From the Department of Zoology, Washington University. 


Certain aspects of the general problem of the immunity of the al- 
bino rat to Cysticercus fasciolaris, begun in 1929, have been investi- 
gated. In one set of experiments rats were given series of immun- 
izing injections of: (a) a 1% suspension of powdered worm mate- 
rial (Taenia taemaeformis, the adult stage of C. fasciolaris) in 


* This investigation, and others in progress, was made possible by a generous 
grant from the Rockefeller Foundation. 

1 Miller, H. M., Jr., Proc. Soc. Exp. Bron. anD Mep., 1930, 27, 926; ibid., 1931, 
28, 467. 
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physiological saline solution; (b) an 0.84% suspension of powdered 
worms which had been subjected to prolonged extraction with ether 
in a Soxhlet or Pickel extraction apparatus; (c) a 1% suspension 
of finely ground worms which had been quickly frozen while alive 
with carbon dioxide snow and stored in evacuated glass ampoules 
for 3 months at —10°C.; (d) a 1% suspension of powdered worm 
material of Taenia pisiformis, a closely related species from the in- 
testine of the dog. All rats, with litter mate controls, were fed with 
equal portions of a uniform suspension of onchospheres. At autopsy 
35 days later normal sized cysts (4-5 mm. diameter) were present in 
the livers of control animals; while development of the larvae had 
been completely, or almost completely inhibited in the rats of groups 
a, b, andc. In these the larvae were represented for the most part 
by minute spots. In the livers of those animals injected with pow- 
dered 7. pisiformis material (group d) the cysts developed as well 
as in the control rats, so that it has been demonstrated that no non- 
specific immunity developed from the injection of this closely-re- 
lated worm material. 


5584 
Effect of Theelin upon the Developing Ovary of the Rat. 


E, A. DOISY, J. CURTIS ann W. D. COLLIER. 


From the Departments of Biochemistry and Pathology, St. Louis Uniwersity 
School of Medicine. 


This report is the first of a series based upon the studies of the 
effect of theelin, a female sex hormone isolated by one of us from 
the urine of pregnant human females, upon the genital tract of the 
female white rat. This report is confined to the histological study 
of the effect of subcutaneous injections of solutions of this sub- 
stance upon the ovaries of immature female rats. 

A group of 14 controls, usually taken from the same litters as the 
experimental animals, was killed at different age periods to estab- 
lish normal developmental changes. One group of 11 animals was 
injected daily with 3 rat units of theelin for varying periods of time, 
beginning all animals on the twenty-first day and killing each animal 
on the last day of theelin administration. A second group of 9 ani- 
mals was given a single massive dose of 20 rat units on the first day 
of the experiment, the twenty-first day of life, and then were al- 
lowed to recover for varying periods of time. 
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The animals were killed by ether anesthesia. The genital tracts 
were immediately removed and fixed in 10% formalin. The ovaries 
were later dissected away, imbedded in paraffin and serial sections 
prepared. The size of the various ovaries was determined by pre- 
paring camera lucida drawings of each serial section, measuring the 
outlines by the polar planometer, adding these measurements to ob- 
tain the total area, reducing this figure to absolute size and multi- 
plying by the thickness of the section. There is often so great a 
variation in the size of the ovary on the 2 sides and in the size of 
ovaries of animals of the same age that a graphic chart, plotting age 
against size, has been prepared. (Not given in this report. ) 

The growth curve of the normal animals is almost a straight line 
throughout the fourth and fifth week of life corresponding to the 
first and second week of the experiment. This growth is due to 3 
obvious factors; greater development and increase in size of many 
of the follicles, increase in the amount of loose fibrous stroma in 
the medullary portion and increased vascularity. The theelin con- 
tinuous administration series maintained the same growth rate and 
presented the same histological appearance as did the normals dur- 
ing the first week of the experiment. The recovery after a single 
massive dose series shows a complete inhibition of growth, a rela- 
tively greater atretic degeneration of follicles and moderate hydropic 
degeneration of germinal epithelium during the first week. 

The ovaries of the normal animals almost double in size during 
the second and third weeks of the experiment. The theelin contin- 
uous administration series shows only one-sixth as great a growth as 
the normals, while the recovery from a massive dose series shows 
recovery from previous inhibition and a greater rate of growth than 
the normals. The absolute size of the recovery series is still about 
10 days behind that of the normal series and, histologically, the 
previously engendered hydropic degeneration of the germinal epi- 
thelium is not entirely recovered from, although there is a progres- 
sive increase in size and number of developing follicles and pro- 
gressive return to the normal hyperchromatic, small germinal epi- 
thelial cell type. Histologically, the series receiving theelin daily 
shows progressive degeneration of follicles, progressive inhibition 
of the development of new follicles and progressive hydropic degen- 
eration of the germinal epithelium. 

During the fourth week of the experiment, the normals developed 
mature follicles, ovulated and produced the first crop of corpora 
lutea. This phenomenon was accompanied by a sharp increase in 
size, almost doubling the size in a single week. The continuous ad- 


IMMUNITY IN PoLaR Eskimos 887 


ministration series showed only about one-sixteenth the normal in- 
crease in size for this period, and, showed only a few well formed 
follicles and an increase of the intensity of the hydropic state of the 
germinal epithelium. The recovery series shows a growth rate of 
comparably normal rate although absolute size remains 10 days re- 
tarded. The histological picture is normal. 

During the fifth and sixth weeks of the experiment when the ani- 
mals were 8 and 9 weeks old, the normals showed only a very slight 
increase in size due to the fact that the ovary has about completed its 
growth. The continuous administration series showed even less 
increase in size. The recovery series which had previously recovered 
from the histological effects of a single massive dose of theelin and 
has since showed only 10 days’ retardation in growth, ovulated 10 
days late and appears identical in size and appearance with a normal 
of the same age. 

The effect of the continuous administration of 3 rat units of 
theelin for a period of 5 weeks was to retard growth almost com- 
pletely after the first week of the experiment, to decrease the number 
of developing follicles, to increase the amount of atretic degenera- 
tion of follicles and to produce a most remarkable hydropic meta- 
morphosis of the germinal epithelium. A few follicles will reach 
maturity, rupture, and become luteinized apparently, since 2 small 
corpora were seen in one and one in another of the 2 animals car- 
ried longest. 


5585 
Immunity Studies Among Central and Polar Eskimos.* 


J. RALPH WELLS ann PETER HEINBECKER. 
(Introduced by J. Bronfenbrenner.) 


From the Washington University School of Medicine, St. Louis. 


This report is based upon material and data collected within the 
Arctic Circle by one of us (P. H.) during the summer of 1930 for 
the purpose of checking the work which led Heinbecker and Irvine- 


* This investigation was made possible through the cooperation and generosity 
of the Department of the Interior, Northwest Territories and Yukon Division, 
Ottawa, Canada; the National Research Council in Medicine; and Washington 
University. The laboratory phases of this study were carried out in the Depart- 
ment of Bacteriology and Immunology, Washington University School of Medicine, 
by the senior author. 
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Jones’ to state “That the immunity shown does not depend on in- 
fection by the diphtheria bacillus,’ and that “it emphasizes the prob- 
ability that the antitoxic mechanism is not as specific as is ordinarily 
supposed.” 

Cultures and direct smears from throats of 115 different indi- 
viduals, 19 specimens of sera, and the results of 60 Schick tests 
comprise the basis of this report, representing 7 isolated groups of 
Central and Polar Eskimos of all age-groups and involving prac- 
tically the entire population of the 7 localities visited. In these cul- 
tures and smears, organisms morphologically resembling Coryne- 
bacterium diphtheriae were recovered from 48 of the 115 individ- 
uals examined. 

On the basis of fermentation reactions, the strains here reported 
represented a number of different groups, corresponding rather 
closely to those given by Andrewes’ and his coworkers. Judging 
by results of these tests, which were made about 3 months after 
the beginning of the study, no true Corynebacterium diphtheriae 
were found. However one strain (Bache 4) resembled true diph- 
theria bacilli in that it fermented dextrose and dextrin but not 
sucrose and mannitol at the time it was isolated. This resemblance 
was further evidenced by the fact that 1 cc. of a 48-hour broth 
culture killed a normal guinea pig weighing 205 gm. within 10 days, 
whereas the same quantity of the culture did not affect a normal 
guinea pig of 185 gm. weight which had been given 350 units of 
diphtheria antitoxin 2 hours previously. These results were again 
obtained with the same broth culture 3 months later. 

Schick tests were made on 2 groups of Eskimos, using material 
secured from the United States Public Health Service. Results 
are given in Table I. 


TABLE I. 
Children and young Adults 
Group No. tested adults 
No. Jo+ %—|No. Jo+ io 
Pond Inlet 39 14 64 36 | 25 52 48 
Pangnurtung 21 6 33 67 |15 27 73 


Fifty-five per cent of the group of young individuals and 44% 
of adults gave positive Schick reactions, a total of 47% of all the 
persons examined, as compared to 25% of 49 such tests reported in 
1928.* 


1 Heinbecker and Irvine-Jones, J. Immun., 1928, 15, 395. 
2 Andrewes, et al., Med. Res. Council, London, 1923, 44. 
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Nineteen specimens of serum, representing 4 groups of Eskimos, 
were titrated for diphtheria antitoxin content, using the method of 


Flood.* The results, in units per cubic centimeter, are shown in 
Table I. 


TABLE II. 
Group No. tested No. showing antitoxin 

None 1/45 1/22 >1/22 
Pond Inlet 8 5 il 2 
Dundas Harbor 2 1 1 
Robertson Bay 6 3 1 a i 
Bache 3 2 i 

Total 19 10 2 3 4 


More than half of the sera examined possessed no diphtheria 
antitoxin. : 

Because of these data and the fact that the respiratory flora in 
general was found* to be very similar to that of groups living else- 
where, we are inclined to believe that the mechanism of the produc- 
tion of immunity to diphtheria among Central and Polar Eskimos 
is much the same as it is among persons living in other latitudes. 

Such a conclusion is strengthened by Bay-Smith’s report’ of 
outbreaks of clinical diphtheria among Greenland Eskimos, as 
well as the results of his 684 Schick tests showing 59% positive 
reactions. This investigator, although admitting that clinical 
diphtheria has been known to exist at least in certain groups of Es- 
kimos, believes in a “spontaneous” origin of diphtheria antitoxin in 
the Schick negatives of the 684 Kap-Farvel and Julianehaab Eski- 
mos. An outbreak described as clinical diphtheria in Central Eski- 
mos has also been reported by Boas.° 
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The Blood Sugar of Normal Fasting Persons. 


B. Y. GLASSBERG. (Introduced by Michael Somogyi.) 
From the Laboratory of the Jewish Hospital of St. Louis. 


It has long been known that blood contains non-sugar substances 
that, in alkaline solution, reduce copper and other metals used in 


3 Flood, Am. J. Dis. Child., 1930, 39, 107. 
4 Being reported elsewhere. 

6 Bay-Smith, Klin. Woch., 1929, 8, 974. 

6 Boas, The Central Eskimo, Sixth Annual Rep. Bur. of Ethnology, 1884-1885. 
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sugar determinations. These reducing non-sugars are non-ferment- 
able and account for the ‘residual reduction” of blood after yeast 
fermentation.! The blood sugar values recorded generally in the lit- 
erature all represent the sum of the sugar and the non-sugar reducing 
substances. Somogyi? devised a technique of fermentation of blood 
with washed yeast for the accurate determination of residual re- 
duction, thus making it possible to determine the true sugar by de- 
ducting the residual reduction from the total reduction value. Ben- 
edict® and Folin* also devised useful methods for the determination 
of true sugar. Somogyi’ perfected a very simple method of pre- 
cipitation with zinc salts whereby together with the blood proteins 
the reducing non-sugars also are precipitated and thus filtrates are 
obtained that contain no appreciable amount of reducing substances 
other than sugar. Using such zinc filtrates, true sugar values are 
obtained in a single determination by any of the titrimetric or colori- 
metric methods in general use. Somogyi® has obtained virtually 
identical results in zinc filtrates by the Schaffer-Hartman-Somogyi, 
the Folin-Wu, the modified Folin-Wu, and the Benedict procedures. 
Filtrates prepared by the older methods of deproteinization, on the 
other hand, yield sugar values that are too high and in addition 
variable according to the method employed, due to the differences 
in reducing power of the non-sugars with various reagents. This 
situation gave rise to much confusion and made impossible the 
correlation of results from different investigators. The possibility 
of the determination of true sugar makes it imperative that the con- 
fusing and misleading variety of “apparent” blood sugar values be 
discarded and true sugar values determined in their stead. 

As a step to this end I have determined the fasting true sugar in 
the blood of 100 healthy normal adults, 50 men and 50 women. 
The blood samples were taken before breakfast, at least 8 hours 
after the last meal. Somogyi’s microtechnique for zinc precipi- 
tation combined with the Shaffer-Hartmann method’ was employed 
throughout this work. Blood was obtained by puncture of the 
finger tip and collected either directly into specially calibrated capil- 
lary pipettes or more conveniently, 5 to 6 drops were allowed to fall 
into a small beaker containing a minute amount of finely powdered 


1Otto, J. J., Arch. d. Ges. Physiol., 1885, 35, 467. 

2 Somogyi, M., J. Biol. Chem., 1927, 75, 33. 

3 Benedict, R., J. Biol. Chem., 1928, 76, 457. 

4 Folin, O., and Malmros, H., J. Biol. Chem., 1929, $8, 121. 

5 Somogyi, M., Proc. Soc. Exp. Biot. anp Mep., 1929, 26, 353. 
6 Somogyi, M., J. Biol. Chem., 1929, 83, 157. 

7 Somogyi, M., J. Biol. Chem., 1930, 86, 655. 
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potassium oxalate. In this work each result represents the average 
of 3 parallel determinations. In order to obtain a sufficient amount 
of blood, the hand was previously warmed in a basin of warm water. 

The question may be raised whether capillary blood may be sub- 
stituted for venous blood in sugar determinations. Our results 
corroborate Foster’s® findings that in the fasting state the sugar 
content of capillary and venous blood is virtually the same. The 
degree of accuracy of the microtechnique was examined in the 
following experiment: In 17 cases sufficient blood was obtained 
from the finger to make parallel determinations by the micro and 
macro methods. In the latter the usual 1:10 dilution was employed. 
The results show that the values obtained by the 2 methods differ 
only by amounts that are within the limits of experimental error 
permissible for micro methods. All determinations were carried 
out at least in duplicate, usually in triplicate, with good agreement 
except in 2 cases. Comparing the results obtained by the macro 
and micro methods it is observed that the differences range between 
—4 and +8 mg. per 100 cc. of blood. The average of the discrepan- 
cies is 2.6 mg., the micro method yielding slightly lower results. 


TABLE I. 
Showing sugar content of successive blood samples taken from the same puncture. 


Mg. of sugar per 100 ec. of blood. 
Case No. 


In specimens number Greatest | Difference be- 

difference |tween first and 

I ith Til last specimens 
32 65 76 72 11 7 
33 74 76 78 4 4 
34 80 87 82 7 2 
38 83 87 78 9 —5 
42 72 80 79 8 7 
43 76 87 84 11 8 
44 85 73 72 13 —13 
45 83 82 80 3 3 
48 87 84 86 3 =I! 
49 95 95 95 0 0 
50 76 72 72 4 “ae 
51 79 83 88 9 9 
52 76 84 84 8 8 
53 85 90 92 5 7 
57 88 76 73 15 Sails) 
59 90 95 91 5 1 
60 82 82 81 1 all 
62 87 90 84 6 —3 
63 81 74 74 7 sail 
64 72 80 87 15 15 

Average 8.5 0.9 


Soe a A ae) al re 
8 Foster, G. L., J. Biol. Chem., 1923, 55, 291. 


892 PROCEEDINGS 


For most purposes the sugar values obtained by the micro technique 
are sufficiently accurate. 

Changes in the composition of the blood due to admixture of 
tissue juices, consequent to repeated squeezing of the finger, have 
been assumed to affect the sugar content of finger blood. To obtain 
evidence on this point, successive blood samples were collected from 
the same puncture and the sugar determined separately in the sev- 
eral samples. Table I shows the results of 20 such experiments. 
These figures prove that any differences in the sugar content of these 
successive samples are within the limit of experimental error and 
not due to the admixture of tissue juices. It is found that the 
average difference between the first and last sample is only 0.9 
mg. %. 

Based on the foregoing findings it is fair to assume that the fig- 
ures given in Table II represent actual fasting true blood sugar 


TABLE II. 

Showing the fasting true blood sugar of fifty male and fifty female normal adults. 
Blood sugar, mg. per 100 cc. blood Number of cases 
Above 95 mg. % 0 
90-95 v2 9 
85-89 ae 19 
80-84 ee 35 
75-79 ge 28 
70-74 2 9 
Below 70 22 0 
Total number of cases 100 
Maximum blood sugar 95 mg. % 
Minimum ”’ 2 70 ” 
Average ie 2 81.6 oe 


values of the persons analyzed. (The only selectivity employed in 
obtaining these persons was to reject any women in the catamenia. ) 
The lowest blood sugar obtained was 70, the highest 95, the aver- 
age of all cases was 81.6 mg. per 100 cc. of blood.* It is noteworthy 
that in the majority (63%) of the cases, the sugar values are 
within the rather narrow limits of 75 to 85 mg. %, and only 9 
cases show more than 90 and 9 cases less than 75 mg. % of true 
blood sugar. 


ee eee 
* Since this paper was prepared for publication, the communication of G. W. 
Hoit and EH. M. Greisheimer entitled ‘‘ ‘True’ glucose tolerance in forty-two 
normal individuals’’ appeared (Proc. Soc. Exp. BioL. AND Mep., 1931, 28, 547). 
These authors found the true fasting sugar in 42 normal persons to be 83 mg. %, 
a figure in close agreement with the average of 81.6 mg. % reported in this 
paper. These results extend the statistical value of the analyses here given. 
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Summary. 1. The fasting blood sugar of 50 men and 50 women 
was found to be between 70 and 95 mg. per 100 cc. of blood, with 
an average of 81.6 mg. %. 2. Capillary blood may properly be sub- 
stituted for venous blood in determining the sugar of fasting indi- 
viduals. Admixture of other tissue fluids does not modify the 
sugar content of finger blood. 


Minnesota Section. 


University of Minnesota, May 20, 1931. 
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Glycogen Formation from Amino Acids. 


ESTHER M. GREISHEIMER anp F. P. ARNY. 
From the Department of Physiology, Uniwersity of Minnesota. 


One lot of control rats was kept on stock diet until killed in order 
to establish the glycogen and lipid contents of the liver without a 
starvation period. A second lot of control rats was starved for 24 
hours before killing, from which group the fasting level was de- 
rived. 

The remaining rats were starved 18 hours, then fed the amino 
acid to be investigated, and killed 6 hours later. Forced feeding 
was resorted to, except in the case of tyrosine. This amino acid, 
suspended in water, was applied to the rats’ hair about the head 
and neck region. The animals cleaned it off nicely, thereby getting 
practically all of it into the gastro-intestinal tract. The other amino 
acids used did not lend themselves readily to this method of feed- 
ing, in which studies, feeding was performed by means of a medi- 
cine dropper. The disadvantage of the latter method lies in the 
rather large amount of water which must be introduced in keeping 
the amino acid conveniently suspended. The amount of amino acid 
fed in each case was approximately 2 gm. 

The amino acids were purchased from the Eastman Kodak Com- 
pany. They were d-l alanine, I-cystine, d-glutamic acid (practical), 
glycine, and 1-tyrosine. 

The results are presented in Table I. The mean body weight, 
liver weight, liver weight expressed as % of body weight, % of 
liver glycogen, and % of liver lipid are tabulated. In each case the 
results for the males are shown first, those for the females second, 
and those for the sexes combined, finally. The number of each sex 
studied is indicated in the first column. Lipid determinations were 
not made in every case. 
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, the statistical method of 


The group fed alanine contained sev- 
counts for the lower body weight, and 


Owing to the small number of cases 


analysis proved impractical. 


eral young animals, which ac 
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for the higher value of the liver expressed as per cent of body 
weight. The lowest glycogen content was found in the fasting 
group, but the values for the glutamic acid- and glycine-fed animals 
are so slightly above the fasting level, that we may consider no 
glycogen to be formed from either of these acids in the present 
method of investigation. 

Glycogen was readily formed from alanine, as expected, and the 
feeding of cystine was likewise followed by definite glyconeogenesis. 

The surprising result was the evident formation of glycogen from 
tyrosine. This amino acid is treated as ketogenic, in diabetic diet 
calculations, but under the conditions of our experiments, it appears 
to be antiketogenic. 

The total lipid content of the liver is low in the unstarved rats, 
quite high in those fed glutamic acid, and between 5 and 6% in the 
other groups. 
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Correction for Undercooling in Material of High Solid Content. 


D. A. COLLINS. (Introduced by F. H. Scott.) 
From the Department of Physiology, Unwersity of Minnesota. 


As a solution is cooled in a freezing-point determination, crys- 
tallizing does not start at the freezing temperature. The tempera- 
ture falls below the freezing-point, to an extent varying in different 
cases, before the freezing process commences. As soon as ice 
does start to form, the temperature climbs rapidly toward the 
freezing-point. The heat for this rise of temperature is derived 
from the freezing process, the latent heat of fusion of ice being 80 
calories. The formation of ice is equivalent to the removal of 
water, and hence the solution will be concentrated. The freezing- 
point observed will, therefore, represent a solution more concen- 
trated than the original solution; or, to express the fact differently, 
the freezing-point depression observed will be greater than the true 
depression for the solution. 

The solution, if the amount of solid present is so small that it 
can be neglected, will be concentrated s u/1 times for u degrees of 
undercooling (Jones*), where s equals the specific heat of the solu- 


1 Jones, H. C., Z. f. Phys. Chem., 1893, 12, 624. 
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tion and 1 the latent heat of fusion. Thus the true freezing-point, 
A, will equal the observed freezing-point, A’, minus 8 ¥ 4", 
1 


su Al 
A= A1l— il (1).2 


Assuming the specific heat to be unity and 1 to be 80, 
1 
ra) 

However, if there is a large percentage of solid present in the 
material, then, for the same amount of undercooling, there will be a 
greater concentration in such material than in a solution containing 
only a negligible amount of solid. The same quantity of ice must 
be formed in each case (assuming the specific heats to be the same), 
and hence the concentration will be greater in the material of high 
solid content. If the solids are considered, the correction equation 
becomes 


A— Al — 


suAtl 

80 w (3). 

The term, s, is the specific heat of the material, and w represents 
the fraction by weight of water acting as a solvent (more exactly, 
this water plus the soluble constituents dissolved in it). 

It is instructive to obtain undercooling data for materials of 
widely varying water contents. Solutions of NaCl and KCl have 
been taken as examples of solutions of low solid content. The ob- 
served freezing-point, A’, was measured for different degrees of 
undercooling, and the results were recorded on coordinate paper, 
A’ being plotted against undercooling. It is possible to obtain the 
true freezing-point, A, from such a graph; for A corresponds to 
A’ at zero undercooling, and can hence be obtained from the graph 
by extrapolation. By substituting in equation (3) the value 
obtained for A and also a value of A’ and its corresponding u 
(obtained from the graph), w can be calculated. With the NaCl 
and KCI solutions, w ranged around unity. This result is to be 
expected since the solid content of a 1% NaCl or KCI solution is 
negligible from the present viewpoint. 

In the same manner, w has been determined for whole blood, 
serum, and corpuscles. However, the values obtained did not corre- 
spond to the actual total water contents of such material. For ex- 


A= Al — 


2 Harris, J. A., and Gortner, R. A., Am. J. Bot., 1914, 1, 75. 

* The amount of heat required to raise the temperature of the mercury and 
glass of the thermometer and of the glass of the freezing-point vessel is not 
considered in this correction. However, the specifie heat of mercury is only 0.033 
at 0°C., and that of glass is approximately 0.2. 

+ This is practically a straight line relationship. 
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ample, in an experiment on the corpuscles of beef blood, a value of 
0.34 for w was obtained. The fraction of water in beef corpuscles 
is about 0.60. The discrepancy may possibly be explained by the 
presence of water not active as a solvent (“bound water’’) at the 
temperature of the freezing-point. Accordingly, the bound water 
content of the beef corpuscles in the above experiment is 26%. 
Thus the equation, 4 = 41— —_ may be used in correcting for 
undercooling in the determination of the freezing-point in solutions 
of high solid content, the w in the equation for a given material 
being determined from freezing-point data on undercooling. Where 
large amounts of solid are present, it is important to make this cor- 
rection. The undercooling data also provide a method for deter- 
mining bound water in a rough manner; that is, the fraction of 


total water present minus the w of the above equation equals the 
fraction of the bound water. 


Nore: Dr. F. H. MacDougall has kindly developed an equation in which the 
specific heats of the various components are taken into account separately. 


eae f; + ee a 


In this equation w, equals the fraction of actual solution, wa the fraction of 
bound water, w3 the fraction of solid material, and ¢ the specific heat of the 


solids. The specific heats of the solution and of the bound water are assumed to 
be equal to unity. 
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Action of Ultra-Violet Rays on New and Old Bacterial Cultures. 


WILHELM STENSTROM ann JOSEPH B. GAIDA. 
From the Laboratory of Biophysics, University of Minnesota. 


Cultures of bacteria placed on agar are as a rule easily killed by 
exposure to ultra-violet light from a quartz mercury arc. The 
amount of radiation necessary for devitalization depends upon 
several factors. Perhaps the most intricate of these is the variation 
of resistance with age. This relation between resistance and age 
has not been determined in detail. The following study was aimed 
as a contribution to our knowledge in this respect. 

In the following experiments a new Victor quartz mercury arc 
lamp was used without any filter. The current was 4.5 amperes at 
65 volts and the distance from burner to plate was 24 inches. 
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An old culture was one that was grown and transplanted daily 
for one week and then sealed and left in the museum till needed; a 
period of from one to 6 weeks. 

A new culture was one that was grown and transplanted daily 
from the old culture for a period of 5 weeks or so. Coli communis 
was used as the culture in most of our experiments, a control being 
run on each plate irradiated. 

Series I. A small amount of culture was removed with a wire 
loop 2 mm. in diameter and this was mixed with 2 cc. water. Then 
one loopful of this suspension was spread on one-half of an agar 
plate and another loopful on the other half and these were marked 
“control” and “irradiated”. 

Series IJ. As much of the suspension as would adhere to the 
wire loop was removed from the agar after the exposure and planted 
in 5 cc. of beef broth. The same was done with the controls. 

All cultures were irradiated for 34 min. Four plates were used in 
each set of experiments. One irradiated immediately on transplant- 
ing from old or new culture, one each irradiated 1, 3 and 6 hours 
after transplanting with the results as shown on chart Series I and 
Series II. 

In the above series where only 2 or 3 broth or agar plates showed 
growth at 34 min. no growth was visible if a similar plate was irra- 
diated for 1 min. . 

In Series I and II, 4 new and 4 old plates were irradiated togeth- 
er. The number which showed growth after exposure is shown in 
Column 3. 


Number of Plates 
Age of Culture 


Growth No Growth 

Series I 38 days 0 a 
Tae 4 0 

Sau 1 3 

eee 4 0 

Shey 2 0 4 

1 a? 3 itt 

34%? 1 3 

1 2? 3 ub 

Series IT ae ib 3 
lee? 3 1 

4»? y) 2 

1 88 4 0 

38? 3 1 

1 9? 4 0 

34 9? zh 3 

1 ep 4 0 
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In the above two series 29 out of 32 new cultures resisted radiation 
whereas 9 out of 32 old cultures grew after the exposure. 

In another series of experiments it was found that portions of old 
cultures which were grown for 1, 3, 6, 12, 18 and 24 hours and then 
irradiated were more resistant to ultra-violet than portions of the 
same cultures which were irradiated immediately after transplanting. 
Thus even after one hour some of the cultures showed still greater 
resistance. They gained resistance from the time of transplantation 
up to about 24 hours, but their resistance to ultra-violet was dimin- 
ished with greater age as shown in Series I and II. 

The “increased resistance’ of the colonies might be due either 
to greater individual resistance or to the greater number of bacteria 
present some time after transplantation. We tried to differentiate 
between these factors by means of bacterial counts. 

Consistant results of the counts were not obtained when the 
bacteria were planted on agar and therefore a peptone solution was 
used instead for these experiments. 

One cc. peptone culture media with one wire loopful of Colz 
commums was diluted with 99 cc. sterile water to make a 1/100 
solution. This was No. 1. Ten cc. of this No. 1 was diluted with 
90 cc. water yielding a 1/1000 solution labeled No. 2. Ten cc. of 
No. 2 solution was added to 90 cc. water, giving a 1/10,000 dilu- 
tion. This was solution No. 3. The diluting was continued in the 
same way until a 1/10,000,000 solution was obtained, 7. e., solution 
No. 6. 

One-fourth cc. of each of the above solutions were spread on 
agar plates and irradiated. If more than 4 cc. was used the solution 
would adhere to the sides of the plate by capillary attraction and the 
rays could not reach it. One cc. of each dilution was used and sus- 
pended in agar and plated for our control count. 

We multiplied the number of colonies left after irradiation by 4 
to get results based on one cc. of the suspended culture. 

In Series V, VI, VII, VIII and IX the above was again repeated 
but with a greater difference in the ages of the various growths. 

It is well known that older cultures have smaller numbers of bac- 
teria than new cultures, and our experiments bring this out clearly. 
They also indicate, however, that the individual resistance of the 
bacteria to ultra-violet light is reduced. (This is interesting to 
note, as it is generally stated that old bacteria are more resistant to 
heat, boiling, antiseptics, etc.) 

We found that the resisting powers toward the ultra-violet rays 
are quickly built up by reculturing, even as in some cases by being 
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Counts of No. of Colonies Cale. No. of Colonies 
Sey Wii re eae per 1 ce. 

Not Irr. Irr. 

(per 1 cc.)| (per %4 ec.) Not Irr. Irr. 


Series V 1 Day Old 


Dilution I — 100 10,500,000 400 
Dilution II — 25 1,050,000 100 
Dilution III — 6 105,000 24 
Dilution IV a 0 10,500 0 
Dilution V oo 4 1,050 16 
Dilution VI 105 0 105 0 
Series VII |37 Days Old 
Dilution I a 3 53,000 12 
Dilution II — 0 5,300 0 
Dilution III — — 530 — 
Dilution IV 53 a 53 — 
Dilution V 20 — 5.3 — 
Dilution VI 2 —_ 0.53 — 
Series VIII/60 Days Old 
Dilution I — 4 1,050,000 16 
Dilution II — 4 105,000 16 
Dilution III — 0 10,500 0 
Dilution IV — 0 1,050 0 
Dilution V 105 0 105 0 
Dilution VI 17 al 10.5 4 
Series IX | 80 Days Old 
Dilution I — 0 3,000 0 
Dilution II oe 0 300 0 
Dilution IIT — 0 30 0 
Dilution IV 3 — 3 _— 
Dilution V 1 — 3 os 
Dilution VI 1) — .03 — 


grown on new media for only one hour. Cultures which have been 
grown for about 24 hours have the greatest resistance to ultra-violet 
ray. When they are transplanted their resistance drops down and 
increases again with time so that after 12 hours it has come up to 
almost the same resistance as that of a 24-hour culture. 

In connection with the above experiments, some other studies 
were made of which we wish to mention the results. 

A suspension of Oidium albicans in Saboraud Agar was plated 
and exposed to 2 minutes of ultra-violet light at 12 inches. It was 
found that enough rays to kill the bacteria penetrated through the 
agar whose thickness averaged 0.66 mm. according to micrometer 
measurements. Bacteria below 0.66 mm. showed definite growth. 

Staphylococcus, Oidium albicans, Proteus vulgaris and Aspergillus 
fumigatus were also used in some experiments which were carried 
out as Series I but consistent results of the killing time were not 
obtained in these preliminary tests. 

Suspensions of Oidium albicans in agar were irradiated with 
X-rays, a coverglass was the only filter used (190 kv. at 60 cm. from 
the tube, 30 milliamperes) for 3 hours. The growth seemed re- 
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tarded but on transplanting it grew normally. Staphylococcus aureus 
and Coli communis were also irradiated with the X-rays for varying 
lengths of time up to 5 hours but no change was noted in the 
growth of the bacteria. 

We are very much indebted to Dr. Arthur T. Henrici for his help 
in supplying us with the cultures and for giving us advice and sug- 
gestions. 
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Comparative Study of the Quantity of Gas in the Bowel in 
Simple and Closed-Loop Obstruction.* 


H. G. SCOTT, H. J. DVORAK, C. N. BORMAN anp O. H. WANGENSTEEN. 


From the Department of Surgery, Unwwersity of Minnesota. 


The results of previous studies have indicated that whereas the 
accumulation of gas as detected by X-ray examination is a reliable 
agent in the early diagnosis of simple obstruction, in strangulation 
obstructions Roentgen evidence is not of the same value in its early 
recognition.” * * The results of the following study are based on 
direct measurements of gas in simple and closed-loop obstructions. 

Method: Studies of 36 dogs form the basis of this report. Dogs 
with closed-loop rather than strangulation obstructions were used 
in this comparison because the dogs with strangulation obstructions 
only survive for short periods. In the closed-loop, as a rule there 
are no gross vascular changes until late in the course of the obstruc- 
tion at which time closed-loop obstruction partakes of the features 
of strangulation obstruction. In the closed loop obstruction the oral 
source of gas has been eliminated and in establishing this type of 
obstruction every trace of gas was “milked out” of the bowel before 
the last bowel end was inverted. Thirty-one closed-loop obstruc- 
tions of small bowel of varying lengths and at various sites were 
established by the usual standard methods. The dogs were then 
observed for various lengths of time and either killed when they 
appeared moribund or were reoperated upon before they reached 
this stage. At operation the closed-loops were removed and im- 
" * This work was supported by Grant 188 allowed by the Committee on Scien- 
tific Research of the American Medical Association. 

1 Proc. Soc. Exp. Biot. AND MED., 1930, 27, 674. 


2 Proc. Soc. Exp. Brow, AND MEp., 1930, 27, 952. 
3 Proc. Soc. Exp. Brou. AND Mep., 1931, 28, 343. 
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mediately thereafter the gas and contents were measured by aspira- 
tion with a syringe and hollow needle. The length of gut, site and 
duration of obstruction were accurately recorded in all cases. In 
some the diameter of the bowel was also measured. If the dogs 
were killed, an autopsy was performed immediately after death and 
similar measurements of the gas, fluid contents, etc., were made. 
Dogs that died at night in which immediate examination could not 
be carried out are excluded from this series as are all dogs that 
showed evidence of leakage peritonitis or any other lethal com- 
plication at time of operation or killing. Measurements of gas in 
the proximal bowel of 5 dogs with simple obstruction were made. 
These dogs were killed and the pylorus clamped. The fluid and 
gas intervening between the pylorus and the obstruction were 
measured. 

Data showing the type of obstruction, average duration in hours 
or days, the site and average length of gut obstructed and the aver- 
age amount of gas found are here tabulated. 


TABLE I. 
Closed-loop Obstruction. 
No. of Site Av. length |Av. No. hrs. | Av. No. ce.| Av. No. ee. 
dogs gut (cm.) gas fluid 
20 Lower ileum 57.8 82.1 15.0 91 
11 Upper jejunum 32.0 31.0 8.5 40 


Simple Obstruction. 


Experiment Obstruction Time in days |Gas in ce. |Fluid in ce. 
a Lower ileum 5 350 350 
2 a fe! 3 80 80 
3 ” ” 4 160 180 
4 a me 14 525 590 
5 2? 2 9 525 900 


The relatively small amount of gas in the closed-loops bespeaks 
the importance of the oral source for the greater quantity of intes- 
tinal gas in bowel obstruction. Mclver*® and his associates have 
previously emphasized swallowed air as the significant factor in 
postoperative distension. The quantity of gas accumulating in the 
bowel under obstructive conditions (closed-loop) through the 
agency of bacterial activity does not appear to be great. The small- 
est amounts observed in simple obstruction are greater than any 
found in the 31 closed-loop obstructions. 


4 Arch. Surg., 1926, 13, 588. 
5 Am. J. Physiol., 1926, 76, 92. 
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In the first 3 dogs with simple obstruction only the last 2 feet of 
small bowel proximal to the obstruction were found distended at 
all. In dogs 4 and 5 the last 3 or 4 feet were distended. These 
latter 2 dogs more nearly approximate the average distension 
usually seen at autopsy in this type of obstruction. 

In 7 of the closed-loop animals, no gas at all could be found in 
the loops. The greatest amount found was 75 cc. and the second 
largest amount was 35 cc. In this last dog, 600 cc. of fluid mate- 
rial was also recovered from the loop. As to variations in lengths 
of the loops the shortest was 12 cm. and the longest 100 cm. These 
lengths compare favorably with the lengths of gut found to be 
dilated in dogs having simple obstruction. As to a comparison of 
the time factors in the 2 series, 6 of the dogs with closed-loops of 
the ileum lived more than 4 days before they were sacrificed. One 
lived 7 days and one 10 days. One dog not included in this series 
because of death occurring during the night lived 29 days with a 
3 foot loop of the terminal ileum. The time factor in the 2 series 
is practically the same. 

In another study, strangulation obstructions have been estab- 
lished in 36 dogs. This type of obstruction was brought about by 
tying off the mesenteric blood supply with umbilical tape and then 
wrapping the tape around the outside of the bowel wall at the 
proximal and distal ends of obstructed segment. In this manner 
the lumen of the bowel was obstructed as well as its blood supply. 
The oral source of gas was thus eliminated in these obstructions. 
Although no direct measurements of gas in the first 30 dogs of 
this series were made, frequent attempts to aspirate gas with a 
needle and syringe at the operating table failed to reveal any gas 
in these loops. In 6 of the dogs in which the loops were resected, 
no gas could be found when the usual technique for gas collection 
was employed. The short duration of these experiments lasting 
from 3 to 12 hours probably accounts for the fact that gas from 
bacterial sources is of no practical consequence. 

Summary: In simple obstructions gas accumulates in the proxi- 
mal bowel in far greater amounts than within closed-loop or strang- 
ulated segments. Gas formation in the latter 2 types is an incon- 
stant and irregular feature. Gas accumulation in these instances is. 
due largely to the activity of intestinal bacteria. The exclusion of 
swallowed air from the closed and strangulated loops accounts 
largely for these significant differences. 
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On the Nutritive Value of Certain Oils. 


G. O. BURR, M. M. BURR anp W. R. BROWN. 


From the Department of Botany, University of Minnesota. 


Following the work of Burr and Burr,’ a study of several oils 
has been made and it has been noticed that cod liver oil affects the 
animals in a way different from the common edible oils. This has 
been pointed out recently by Sinclair® and by Graham and Griffiths.* 
These workers find that the feeding of cod liver oil does not pre- 
vent scaliness of the feet and tail and our findings are in agreement 
with this view. Although in our earlier work, we thought the ani- 
mals receiving cod liver oil were always normal in appearance, in 
later work we have found a considerable number of animals which 
were receiving 2 to 5 drops of cod liver oil daily with scaly feet and 
tails, 

However, cod liver oil does cause renewed growth. Table 1 
shows the increases in weight of sick animals after the feeding of 
cod liver oil. 


TABLE I. 
Number in Average wt. in-|Condition of skin 
Date Group Cod Liver Oil |ecrease in 5 weeks} after feeding 
dose 
1928 3 males 2 drops 68 gm. Scaly 
1928 6 females armas Simmeee 22 
1930 3 29 ie ge 8 99» ” 


The 3 females in the 1930 group all mated and _ produced litters. 
This is another indication of much improvement over the fat-free 
animals. 

Of the more unsaturated oils, cod liver oil is distinctive, in that 
it leaves the skin of many of the animals scaly. Lard, olive oil, 
corn oil, linseed oil, methyl linolate and methyl! linolenate all pro- 
duce skin free from scales and dandruff. 

It should be pointed out, however, that cod liver oil is highly 
unsaturated without linolic and linolenic acids being present in ap- 

1 Burr, G. O., and Burr, M. M., J. Biol. Chem., 1929, 82, 345. 

2 Burr, G. O., and Burr, M. M., J. Biol. Chem., 1930, 86, 587. 

3 Sinclair, R. G., Proc. Soc. Exp. Brot. anp MED., 1930, 27, 1059. 

4Graham, C. E., and Griffith, W. H., Proc. Soc. Exp. BioL. AND Mep., 1931, 
28, 756. 
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preciable quantities.’ Although Suzuki and Masuda’ list both linolic 
and linolenic as being present this is disputed by Denisov’ and 
others. Our feeding tests indicate that they certainly are not pres- 
ent in appreciable quantities. In this respect it is different from 
all other oils studied in this work. As shown by Sinclair* cod liver 
oil in the diet markedly increases the degree of unsaturation of 
the phospholipids of the animals consuming it. This is further 
evidence that the structure of the acids is more important than the 
degree of unsaturation. The possibility of a toxic effect of the 
cod liver oil, suggested by Graham and Griffith* must of course 
be considered. 

Sinclair? has observed that his animals do not become scaly but 
do remain subnormal in weight if they have access to their feces. 
We have been unable to completely confirm this. As a preliminary 
experiment 2 females (31004 and 31005) were kept in individual 
cages on shavings. After 16 weeks on a “fat-free” diet their feet 
were only slightly scaly, but there was a trace of dandruff and 
the tails were moderately scaly with swollen, red tips. They were 
not in as bad condition as their sisters on wire bottoms, but they 
were not normal. There was undoubtedly some beneficial effect 
of the feces or the shavings. Their weights were 158 g and 168 g, 
respectively. 

At the same time that the above animals were started 4 cures 
were attempted, 2 with the fat extracted from the feces of animals 
on the “fat-free” diet 550-B and 2 with 20% of powdered feces 


added to the diet. The results of these experiments are given in 
Table 2. 
TABLE II. 


Rat Number Dose Fed Daily |Weight Increase in| Condition of Skin 


5 weeks after 5 weeks 
gm. 
30161 5 drops fecal fat —8 Much seale 
30137 5 ee a ny lif ” ” 
30132 20% dry feces +3 ” ” 
30151 20% Me 9) ” ” 


From our experience it seems that the effects of feces are small, 
leaving the animals at a subnormal weight and probably exerting 


a slight prophylactic effect over a long period of time, but not giving 
effective cures in a period as short as 5 weeks. 


5 Bills, C. E., Chem. Rev., 1926, 8, 425. 
6 Suzuki, B., and Masuda, Y., Proc. Imp. Acad. (Japan), 1928, 4, 165. 
7 Denisov, I., Chem. Abst., 1930, 24, 6047. 
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Conclusion. From the data at hand it would seem that the highly 
unsaturated fatty acids of cod liver oil can be used by fat deficient 
rats for growth, but that their scaly skin is cured only by linolic 
and linolenic acids, which, apparently are lacking in cod liver oil. 

It may prove possible to isolate a fat which will cure the skin 
without producing growth, as indicated by Sinclair’s experience. 

The fat deficiency may therefore resolve itself into 2 factors. It 
so happens that linolic and linolenic acids seem to relieve both 
growth and skin abnormalities. The relative values of several 
fatty acids in the prevention of the above symptoms as well as 
kidney degeneration is being included in our present studies. 
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Individual Variation in Serum Calcium in Normal Men and 
Women.* 


RUTH E. BOYNTON anp ESTHER M. GREISHEIMER. 


From the Students’ Health Service and Department of Preventive Medicine and 
Public Health and the Department of Physiology, University of Minnesota. 


Since the work of Bell’ many investigators have studied the 
blood calcium level in relation to menstruation. The results of these 
investigations have been contradictory. Watchorn’, Close and Os- 
man*, Allen and Goldthorpe*, Spiegler’, and others have concluded 
that there is very little or no change in the blood calcium in relation 
to the menstrual eycle. Sharlit et al’ and Matters’ report a pre- 
menstrual rise in blood calcium and a menstrual fall in the calcium 
level. Okey et al® state that “while the changes in the concentration 
of serum calcium at any phase of the monthly cycle are not out- 
standing, there is some tendency to frequency of low values for 


* This study was carried out with the aid of a grant from the Research Fund 
of the University of Minnesota. 

1 Bell, Blair W., Proc. Royal Soc. Med., 1908, 1, 291. 

2 Watchorn, Elsie, Brit. J. Exp. Path., 1926, 7, 120. 

3 Close, H. G., and Osman, A. A., Biochem. J., 1928, 22, 1544. 

4 Allen, E., and Goldthorpe, H. C., Am. J. Obs. and Gyn., 1929, 17, 789. 

5 Spiegler, R., Arch. Gyn., 1930, 143, 201. 

6 Sharlit, H., Corseaden, J. A., and Lyle, W. G., Arch. Int. Med., 1927, 39, 780. 

7 Matters, R. F., Australian J. Exp. Biol. and Med. Sc., Part 2, 1929, 6, 119. 

8 Okey, R., Stewart, J. M., and Greenwood, M. L., J. Biol. Chem., 1930, $7, 91. 
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calcium a few days previous to the onset of menstruation and to 
frequency of higher values from the 8th to the 15th days following 
the onset of menstrual bleeding.”’ 

With the exception of the work of Okey et al®, these findings have 
been based upon either the study of very small groups of individuals 
or upon blood calcium determinations taken not more than 3 or 4 
times during a menstrual cycle. 

Experimental work done on lower animals shows that the blood 
calcium level is definitely affected by the reproductive system. Rid- 
dle and Reinhart? found a tremendous increase in calcium in the 
blood of birds prior to ovulation. Mirvish and Bosman” have pro- 
duced a decrease of 2 to 3 mg. in the plasma calcium in both rab- 
bits and human beings by injecting ovarian follicular and corpus 
luteum extracts. 

The present study was undertaken in an effort to determine 
standards of blood calcium in relation to the menstrual cycle in 
women with normal menstrual periods in order that we might have 
some basis for comparison in a study being made on a group of 
women with dysmenorrhea. As a control the blood calcium levels 
and variations in a group of men were studied. 

Serum calcium determinations were made in duplicate on 14 
women and I1 men 3 times a week for 4 consecutive weeks. Deter- 
minations were made on 3 of the 14 women for a period of 8 weeks, 
giving a total of 17 weekly readings on women. In a few instances, 
more than 3 determinations were made in one week and in an 
occasional instance only 2 were made. In each case, the blood was 
drawn between 8:30 and 9:30 A.M. The subjects were all healthy 
individuals. No attempt was made to determine the type of diet the 
individual was eating. The determinations were all made during 
the months of November and December, 1930, and January, Febru- 
ary, and March, 1931. 

The determinations of serum calcium were made by one of us 
(E. M. G.) using the Clark-Collip” modification of the Kramer- 
Tisdall’* method. A total of 132 readings were made on the group 
of men and 157 on the group of women. 

Tables I and II present the range in the amount of serum cal- 
cium and the mean of the 12 serum calcium determinations for 
each individual in the group of men and women respectively. 

9 Riddle, O., and Reinhart, W. H., Am. J. Physiol., 1926, 76, 660. 

10 Mirvish, We and Bosman, L. P. , Quar. J. Exp. Physiol., 1927, 18, 11, 19. 


11 Clark, E. P. , and Collip, J. B., oe Biol. Chem., 1925, 68, 461. 
12 Kramer, B., aaa Tisdall, F. F, J. Biol. Chem 1921, 47, 475. 
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TABLE I. 
Serum Calcium Variations in a Group of 11 Men. 
Tri-weekly determinations for 4 weeks. Of 12 determinations. 


Case Age Low High Mean P. EK. 8. D. 
No. 

1 36 9.69 11.01 10.39 0.0703 0.361 

2 28 10.08 11.67 10.95 0.0547 0.281 

3 28 9.80 10.54 10.15 0.0355 0.1824 

4 31 9.77 11.23 10.29 +0.0773 0.3968 

5 32 9.89 10.38 10.14 =£0.0327 0.1679 

6 38 9.85 10.68 10.24 0.0434 0.2137 

7 25 9.99 10.90 10.45 +0.0527 0.2592 

8 27 10.32 11.05 10.69 0.0592 0.3039 

9 43 9.75 10.31 10.00 =£0.0332 0.1634 
10 39 9.85 10.66 10.17 +0.0661 0.3392 
fa 24 10.03 10.74 10.24 +0.0461 0.2051 
Means 31.91 9.91 10.83 10.31 0.2612 
Range .92 +0.0532 

TABLE II. 


Serum Calcium Variations in a Group of 17 Women. 
Tri-weekly determinations for 4 weeks. Of 12 determinations. 


Case Age Low High Mean is Ave sp 1D» 


No. 
1 40 9.34 10.43 9.91 +0.0838 0.3929 
2 22 9.68 10.43 10.10 +0.0520 0.2441 
3 25 9.53 11.14 10.08 +0.0868 0.4261 
4, 27 9.30 10.25 9.70 +0.0655 0.3072 
53 24 9.28 10.39 9.75 +0.0794 0.3532 
6 23 9.39 10.35 9.91 +0.0582 0.2860 
7 28 9.52 10.31 9.93 +0.0466 0.2289 
8 30 9.54 10.31 9.90 +0.0463 0.2170 
9 29 9.74 10.55 10.15 +0.0568 0.2664 
10 35) 9.44 10.35 9.88 +0.0607 0.2701 
MLA (COM) 252) 9.29 10.74 10.12 +0.1093 0.4570 
*12 (3)| 25 9.35 11.25 10.53 0.1167 0.5193 
*13(10)} 35 9.41 10.62 10.01 +0.0948 0.3712 
14 24 9.00 10.86 10.00 +0.1292 0.5405 
15 23 9.80 11.19 10.31 +0.0893 0.3974 
16 34 9.57 10.59 10.03 +0.0936 0.3914 
AN Pal 9.37 10.33 9.96 +0.0882 0.3220 
Means 27.82 gare , fey i 10.01 Pee: 

ange 1. ==) 


*Duplicate cases. 


The mean age of the men was 31.91 years and that of the women 
was 27.82 years. 

The mean serum calcium for the entire group of men was 10.31 
mg. and for the group of women 10.01 mg. The average calcium 
level for the women was 0.300.0282 mg. lower than the level for 
the men, a difference that is of definite significance. Although it is 
generally stated that there is little variation in the blood calcium 
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level between the sexes, in these groups the men showed a con- 
sistently higher level of serum calcium than the women. 

The variability or range of calcium level is distinctly greater 
for the women than for the men, the mean range for the women 
being 1.15 mg. and for the men 0.92 mg. Nine of the 17 women 
show a range of more than 1 mg. while only 3 of the 11 men show 
such a range. This greater variation in calcium levels in women 
was also observed by Okey.° 


TABLE III. 
Calcium Level in Relation to Menstrual Cycle. 


Week Mean mg. pa Be S. D. Difference of 
Caleium Means 
Rest 10.05 +0.0419 0.3349 0.07+0.0640 
Pre-Menstrual 10.12 +0.0484 0.4485 0.19+0.0616 
Menstrual 9.93 +0.0388 0.3905 0.04+0.0591 
Post-Menstrual 9.97 +0.0447 0.4090 


In order to compare the calcium levels at various phases in the 
menstrual cycle, the cycle was divided into 4 weekly periods here- 
after designated as the rest period, the pre-menstrual period, the 
menstrual period and the post-menstrual period. The menstrual 
period included the calcium determinations made on the first day 
of the period and during the following week. Because of the daily 
variation in calcium levels, the mean readings for each week of 
these menstrual phases were computed as it was believed they 
would give better data for comparison. 

Table III presents the mean serum calcium level for each period 
in the menstrual cycle. The highest calcium level is 10.12-0.0484 
mg. in the pre-menstrual period and the lowest of 9.9340.0388 mg. 
in the menstrual week. The difference of 0.19+0.0616 mg. is 
probably significant. It is to be noted also that the mean calcium 
levels for each week of the menstrual cycle, if plotted, would form 
a fairly regular curve. 


TABLE IV. 
Mean Serum Calcium Values for Men in Chronological Order. 


Mean Calcium Jes doe Ss Difference of Means 
First Week LON Gi 0.0301 0.2961 0.180.0481 
Second Week 10.29 0.0380 0.3471 0.010.0509 
Third Week 10.30 0.0368 0.3140 0.25+0.0648 
Fourth Week 10.55 0.0532 0.4322 0.390.060 


Table IV presents the mean serum calcium for each week of the 
4 weeks chronologically for men. The variation in serum calcium 
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from week to week is greater than that for women arranged accord- 
ing to the menstrual cycle. With the men there is found to be a 
definite upward trend from week to week. This was not found in 
women when the weekly mean calcium values were computed on a 
chronological basis disregarding the menstrual cycle. However, 
the fact that with the men there is this definite increase from week 
to week and the fact that it is recognized that there is a seasonal 
variation in blood calcium make us consider the possibility that 
normal chronological variations may affect the values given in Table 
III although in the data we have, this effect is not evident. 

Since the lowest weekly mean of serum calcium in women oc- 
curred during the menstrual week and since there was no compara- 
ble biological week in the men, it was decided to tabulate the weekly 
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mean calcium values for each individual in the 2 groups, putting the 
lowest mean weekly value as the first reading and the following 3 
weekly mean values in sequence. We felt this method would give a 
better method for comparison of the men and women. These data 
are presented in Tables V and VI. 

This treatment of the data further substantiates the finding pre- 
viously given that the serum calcium level in men is higher than in 
women, since in each, the mean value for men is higher than that 
for women. 

Table VI shows that in 12 of the 17 individual weekly mean 
calcium readings, the lowest value occurs in the menstrual or post- 
menstrual week. In 5 of the 17 cases the highest value occurs in the 
pre-menstrual week. 

The mean serum calcium values for the entire group of men 
(Table V) starting with the low week shows an irregular variation 
from week to week. With the women (Table VI) it is seen that 
the weekly variation assumes the same type of regular curve as when 
the values for women were grouped according to the menstrual 
week. This is shown graphically in Chart I. 

From this evidence it seems probable that women show a cyclic 
variation in blood calcium while men do not. It is appreciated, 
however, that it will be necessary to carry a group of women 
through more than one menstrual cycle before this supposition can 
be proved. 


Summary. From a determination of serum calcium on 17 women 
and II men at tri-weekly periods for 4 weeks, the following is 
found: 

1. The serum calcium level for women is definitely lower than 


: TABLE V. 
Serum Calcium Variations in Men. Comparison of Weekly Averages. 


Case No. Low Second Third Fourth 
1 10.21 10.24 10.79 
9 10.51 10.99 10.79 ae 
3 10.07 10.25 10.15 10.14 
yk 9.94 10.28 10.16 10.78 
5 9.94 10.22 10.35 10.07 
6 10.12 10.28 10.20 10.31 
1 10.27 10.66 10.28 10.59 
8 10.53 10.85 10.57 10.82 
9 9.90 9.95 10.10 10.08 
10 10.01 10.47 10.11 10.08 
rel 10.07 10.20 10.23 10.55 


Means 10.14 10.40 10.34 10.45 
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TABLE VI. 

Serum Calcium Variations in Women. Comparison of Weekly Averages. 

Case No. Low Second Third Fourth 
1 9.50* 9.61 10.29 10.28 
2 10.00 10.29 10.04* 10.10 
3 9.60 10.03 10.43* 9.97 
4 9.32 9.78* 9.88 9.89 
5 9.49* 9.66 9.61 10.37 
6 aD 10.03 10.17 9.97 
7 9.75 10.15 9.94 9.80* 
8 9.81* 9.84 10.05 9.98 
9 9.95 10.17 10.50 10.10* 
10 9.72 9.80 10.02 10.06* 
11 9.84 10.04 10.99 ORES 
12 9.97 10.28 10.96 10.68 
13 9.74 10.62 10.19 9.80* 
14 9.55 9.79* 10.47 10.56 
15 10.04* 10.75 10.50 10.12 
16 9.76* 10.35 9.92 10.09 
lye 9.37 9.99 10.24* 9.94 

Means 9.70 10.07 10.22 10.11 


*Menstrual week. 


for men. 2. There isa greater daily variation in the serum calcium 
for women than for men as well as a greater absolute range in cal- 
cium levels. 3. There is a tendency for the serum calcium to be 
highest in the pre-menstrual period and lowest in the menstrual 
period. This is evident in the mean serum calcium values for each 
week in the menstrual cycle. The fact that in 12 of 17 individuals, 
the lowest weekly mean serum calcium occurred in the menstrual or 
post-menstrual period further substantiates the finding that there is 
a fall in blood calcium following menstruation. 4. In women there 
seems to be a regular cyclic curve of blood calcium level which is 
not present in men. 
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Variations in Plasma Phosphatase, P., Ca., and Glucose Following 
Administration of Glucose and Calcium Glycerophosphate. 


MILDRED R. ZIEGLER, ARILD E. HANSEN anp IRVINE MC QUARRIE. 


From the Department of Pediatrics, University of Minnesota. 


In the course of studies on the calcium and phosphorus metabol- 
ism of children suffering from various disorders, it was observed 
that the level of plasma phosphatase tended to be lower than normal 
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in patients with pseudo-hypertrophic progressive muscular dystro- 
phy and in those with poliomyelitis with extensive paralyses. Kay" 
has reported a marked increase in the concentration of this enzyme 
in cases of Osteitis deformans and in certain other diseases of bone. 
These variations suggested to us the desirability of determining 
whether or not the level of phosphatase in the blood can be altered 
by any simple means. We have, therefore, determined the phospha- 
tase and at the same time the inorganic phosphorus, calctum and 
glucose of the blood after the administration of water, of glucose 
and of calcium glycerophosphate in children with minor ailments 
or with various chronic disorders. 

Following 400 cc. of drinking water alone no significant altera- 
tions in the blood values were found. The usual changes in blood 
sugar and phosphorus resulted from administration of 50 gm. of 
glucose in 400 cc. of water. A slight rise in the level of serum cal- 
cium was observed at the end of 6 hours. Although there were 
transient variations in the phosphatase in all of the cases receiving 
glucose, the only significant alterations were found in one case of 
progressive muscular dystrophy and in one of extensive muscular 
paralysis from poliomyelitis. In both of these the initial values, 
which were subnormal, had nearly doubled at the end of 6 hours. 

The total number of cases in which complete studies of the effect 
of glucose, of calcium glycerophosphate or of water alone were 
made was 15 children. 

The most striking results obtained were those following the ad- 
ministration of 20 gm. of calcium glycerophosphate in 400 cc. of 
water. While the inorganic phosphorus remained unchanged, the 
phosphatase, calcium and glucose each showed a slight temporary 
rise followed by a profound fall at the end of 6 hours. In 2 essen- 
tially normal subjects the blood glucose fell to 41 and 44 and the 
serum calcium to 6.0 and 6.8 mgm. per 100 cc., respectively, with- 
out the ordinary clinical signs of hypoglycemia or of tetany. Fur- 
ther study of these reactions must be made before their real sig- 
nificance can be evaluated. 


1 Kay, H. D., J. Biol. Chem., 1930, 89, 235. 
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Action of Peptides in the Nutrition of Young Mice. 


J. F. MC OLENDON. 


From the Laboratory of Physiological Chemistry, University of Minnesota. 


It seems impossible to make young mice grow at a normal rate 
on any mixtures of known amino acids substituted for the protein 
of the diet, no matter what the proportion of the amino acids. By 
adding the vitamin B in the form of yeast slight growth is obtained, 
but by adding the vitamin B fraction in the form of the Osborne- 
Wakeman preparation there is usually a decline in weight. Since 
the active principle in the cure of pernicious anemia as well as in- 
sulin, secretin, and glutathione, are all said to be peptides, it seems 
probable that peptides are necessary in nutrition. The end prod- 
ucts of both gastric and pancreatic digestion of proteins contain 
peptides, and it seems probable that they, to some extent, would — 
be absorbed as such. If the stomach is removed from a mammal, 
death finally occurs accompanied by anemia. A dog may live for 
some months or a man for some years without a stomach but finally 
dies. A person with pernicious anemia has no gastric digestion 
and when fed the gastric digest of a protein is cured of the 
symptoms. It may take a long time to find just what peptides are 
necessary. So far the results are: Young mice fed on a mixture 
of the known amino acids, some radicals of prosthetic groups 
vitamines, mineral salts, carbohydrate, and fat, decline in weight 
and health. Control mice fed on this diet to which has been added 
all of the peptides which I have yet been able to obtain, decline at 
a less rapid rate, are more lively and apparently healthy, and live 
longer than those not receiving the peptides. 

If casein is hydrolyzed with acid, there is a progressive hydrolysis 
of all imid linkages, accompanied by a slow destruction of the amino 
acids. Some peptides do not give the biuret reaction and I know of 
no way of proving the total absence of peptides except by the puri- 
fication of the amino acids in the hydrolysate. The hydrolysis may 
be continued until mice no longer grow when it is substituted for 
protein in the diet. There is no growth on casein hydrolyzed for 
36 hours with boiling acid, even though all of the known amino 
acids are added to it to make up for any that might be destroyed. 
It seems possible that casein hydrolyzed for 16 hours or less, may 
contain minute traces of peptides or diketopiperazines. 
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Since the experiments have continued 2 years and have been for 
the most part negative, only an example will be given in detail. 
Diet 15 contained in decigrams: glycine 2, alanine 4, valine 8, 
amino-n-valerianic acid 1, amino-n-butyric acid 1, aminoisobutyric 
acid 1, amino-n-caproic acid 1, leucine 10, isoleucine 1, proline 4, 
hydroxyproline 1, aspartic acid 10, glutamic acid 10, serine I, 
phenylalanine 3, tyrosine 5, arginine 5, lysine 4, histidine 2, trypto- 
phan 1, cystine 1, creatine 1, uracil 1, alloxan 1, spermidine 1, sper- 
mine I, taurine 1, glucosamine 1, cholesterol 1, cellulose 1, glucose 
75, dextrin 150, salts 6, Osborne-Wakeman vitamin B 15, butter 
fat 60. Diet 16 contained the same as diet 15 plus glycine anhydride 
2, glycyl glycine 2, glutathyone 2, Dakin’s liver extract, dipeptide 
of hydroxyproline and hydroxy-glutamic acid (impure) 20. Two 
white mice weighing 7.6 and 8.6 gm. were placed on diet 15 and 
2 litter mates weighing 7.7 and 8.2 gm. were placed on diet 16. 
Their combined weights each day were: 


Diet Combined Weights Each Day. 
15 16257142 1425913:Sis12:9) 91225 10 7.7 dead (not weighed) 


16 15.9 15.0 148 140 13.9 13.1 12.3. 12.0 12.0 lively 


Since mice lived for months on diets similar to 16 and the experi- 
ments are so expensive, this experiment was discontinued when the 
controls died. The other experiments were similar except for varia- 
tion in the proportions of the amino acids. 


Southern Section. 


Tulane University, May 21, 1031. 
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Suppression of Strychnine Convulsions by Barbiturates. 


W. T. DAWSON anp CHARLES H. TAFT, JR. (Introduced by M. Bodansky.) 
From the Department of Pharmacology, Unwersity of Texas Medical School. 


Zerfas and McCallum" have found amytal (ethylisomyl barbituric 
acid) an extremely effective and life-saving antagonist to strychnine 
in man and the rabbit. Our observations on unanesthetized rabbits 
show that this property is also possessed by barbital (diethyl bar- 
bituric acid), phenobarbital (ethyl-phenyl), nembutal (ethyl- 
secondary amyl) and pernocton (B-bromallyl secondary butyl). 

In a first series of redbrown rabbits, of 1.05 to 1.87 kg., we in- 
duced tetanic convulsions by injecting subcutaneously 0.6 mg. 
of Merck’s neutral strychnine sulphate per kg., using 1:1000 solu- 
tion. Two controls died in 18 and 13 minutes respectively. All the 
others, 11 in number, returned to a normal reflex state following 
treatment with Na phenobarbital or Na barbital, given by ear vein 
immediately on onset of convulsions and repeated as judged neces- 
sary to control their recurrence. The minimal total amounts per 
kg. necessary to secure this result were found to be, Na barbital 
40 mg., and Na phenobarbital 1 to 5 mg., indicating a much greater 
activity of phenobarbital. All of the “treated” rabbits were ap- 
parently normal next day, and were later used for other purposes. 

In a second series. of short haired albino rabbits of 1.24 to 2.03 
kg., 0.6 mg. strychnine sulphate per kg., similarly given, was fol- 
lowed by spontaneous recovery in 3 animals, but 0.9 mg. per kg. 
killed 3 other animals in 27, 30 and 55 minutes respectively. In 
the antagonism experiments 1.2 mg. per kg. was used. The results 
were similar to those in the first series except that doses of the 


1 Zerfas, L. G., and McCallum, J. T. ©., Curr. Res. Anesth. and Analg., 1929, 
8, 349. 
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hypnotic barbiturates closer to the “general anesthetic’ level were 
necessary. The suppression of convulsions required in individual 
animals total doses in mg. per kg. as follows: Na nembutal 4, 14, 
Na amytal 15, Na phenobarbital, 30, (32 days), 60, pernocton 40 
(25 days), 40 (16 days), Na barbital, 150; for comparison, chloral 
hydrate, 220, of which 30 subcutaneously (31 days). The periods 
given indicate a survival to time of report; the other animals died 
in 2 to 11 days, possibly due to incomplete asepsis. 


5596 
Use of the New Born Mouse in the Study of Kidney Function. 


CHARLES H. TAFT, JR. (Introduced by M. Bodansky.) 
From the Department of Pharmacology, University of Texas School of Medicime. 


__ A search of the literature has not revealed any satisfactory meth- 

od of studying, by direct observation, the passage of dye through 
the mammalian kidney. The principal difficulties seem to be that 
the capacity and density of the kidney are so great that it has been 
impossible to see any appreciable distance into the kidney. The 
kidney of the new born white mouse is small and relatively trans- 
parent and appears to be a favorable subject for use in the study 
of kidney function. With proper illumination it is possible to see 
the various functional units in the living kidney. 

The mice used in this work were from 2 to 24 hours old. They 
were injected subcutaneously, in the back, with a small amount 
(0.1 cc.) of some vital dye, such as 0.5% Indigo Carmine and im- 
mediately placed in a warmed cotton lined box. If the mouse is left 
undisturbed the dye appears in the urine in about 20 minutes. 

Fifteen minutes after the injection the mouse is quickly etherized 
and a dissection made exposing one of the kidneys. The mouse is 
then placed in a special warm stage heated to 37°-38° C. and the 
kidney is kept moist with warmed Ringer’s solution. 

With a binocular dissecting microscope it is possible to distinguish 
if the injection is successful, the glomeruli and the presence of the 
dye along the tubules from the capsule to the pelvis. 

In the same preparation it is possible to make a very pretty dem- 
onstration of peristalsis in the ureters. Clumps of dye can be seen 
passing down the lumen of the ureter propelled by its peristaltic 
movements. 
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Infection Experiments in Monkeys with Human, Macaque and 
Ateles Strains of Strongyloides. 


ERNEST CARROLL FAUST. 


From the Parasitology Laboratory, Department of Tropical Medicine, Tulane 
Uniwersity. 


Species of Strongyloides occur naturally in several primates. 
Those which have come under the observation of the writer have 
been in man, Simua troglodytes, Pithecus rhesus, Ateles geoffroyi, 
Cebus capuchinus imutator, and Saimiri 6rstedi 6rstedi. In man the 
infection occurs in 6.3% of the hospital and free-clinic patients in 
New Orleans and in 20% of the hospital and village population of 
Panama. Over a period of 2 years a colony of 12 rhesus monkeys 
in New Orleans has had an infection of 87.5%. Of 6 red spider 
monkeys from Panama 4 (66.6%) were positive, and of 3 capuchin 
monkeys and 15 marmosets one each was infected with Strongy- 
loides. In man cultural studies made on material from cases ob- 
served by the writer showed both direct and indirect types with a 
preponderance of the direct type. All of the other strains studied 
have been consistently indirect in their mode of development. 

Morphologically it is difficult to differentiate these primate strains, 
although they can be readily distinguished from the Strongyloides 
of the dog, the rat and the sheep. It has seemed desirable, there- 
fore, to test certain of these strains by cross-infection experiments. 
For this purpose human, macaque and red spider strains, which 
had been studied over a period of several weeks, were selected. Six 
monkeys were inoculated by applying the inoculum to the abdominal 
skin for 30 minutes. Red spider monkeys (one each) were inocu- 
lated with about 10,000 f, larvae (1) of an autochthonous strain, 
(2) of a human direct strain and (3) of a rhesus strain. Rhesus 
monkeys (one each) were inoculated with about 10,000 f, larvae 
(1) of an aittochthonous strain, (2) of a direct human strain and 
(3) of a red spider strain. A preliminary experiment had shown 
that the inoculum was equally viable, whether the larvae were 
washed free of the culture medium or not. 

The red spider monkeys within an hour or two after inoculation 
showed evidence of an intense pruritus at the site of inoculation. 
This was followed for 2 or 3 days by a lupous dermatitis with 
moderate erythema. After 4 or 5 days the skin became normal 
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again. On the second day after inoculation there was a severe 
croupous bronchitis without temperature, which was observed for 
a period of approximately 24 hours and then rapidly receded. In 
the animal inoculated with the autochthonous strain eggs were first 
recovered from the feces 18 days after inoculation. The animal 
lived 34 days after eggs were first recovered; at autopsy strongy- 
loidiasis was determined to be the cause of death. In the case inoc- 
ulated with the human strain the early symptoms were comparable 
to those of the autochthonous strain, but the incubation period was 
22 days. Eggs in large numbers were recovered for 2 weeks, after 
which time the infection became greatly reduced and stools became 
consistently negative (direct examination and culture) from the 
45th day after inoculation. Hatched larvae of this human strain 
were never obtained from freshly passed feces. The rhesus strain 
apparently never became implanted in the intestinal mucosa of the 
red spider monkey, since daily stool examinations from the time 
of inoculation for a period of 2 months were consistently negative. 


The rhesus monkeys inoculated with the autochthonous and 
human strains showed a moderate pruritus but no gross dermatitis 
or erythema, and had no apparent bronchial involvement. How- 
ever, in the case of inoculation of this host with the red spider 
strain of Strongyloides there was a profound erythema at the site 
of inoculation which was first noticed 24 hours after inoculation 
and became progressively more intense up to the fourth day, when 
lupous patches were also conspicuous. There were never any open 
lesions. After the seventh day the skin became rapidly normal 
again. On the third and fourth days after inoculation there was 
a slight bronchitis, which had disappeared on the fifth day. In- 
testinal infection in the rhesus monkey was apparently never effected 
with the red spider and human strains. Up to 2 months after 
inoculation the stools remained consistently negative. In the 
autochthonous strain eggs were first recovered on the twenty-fifth 
day after inoculation and from that time were found daily. 

The evidence obtained from this series of experiments points to 
the conclusion that the rhesus and red-spider strains of Strongy- 
loides are physiologically different species: they are easily inoculable 
into their natural hosts from which they were obtained, but they 
are unable to establish intestinal infections in the reciprocal hosts, 
although there is some evidence that they migrate through the tis- 
sues of the inappropriate host. The human strain can be established 
but is not able to maintain itself in the red spider monkey; in the 
rhesus monkey it appears to be completely abortive. 
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Toxicity for White Rats of Elements Implanted into their 
Subcutaneous Tissues. * 


JOHN W. WILLIAMS. (Introduced by OC. W. Duval.) 
From the Department of Pathology, College of Medicine, Tulane University. 


With the view of observing the host response to various elements, 
the author has implanted such substances over the ribs of white 
rats anteriorly. The animals were anaesthetized with ether, a half 
inch incision made, the skin dissected up for a short distance, the 
element placed in position and the skin edges secured by skin clips. 
The whole procedure required less than 10 minutes and the clips 
were very effective. The following elements were used: aluminum, 
antimony, arsenic, barium, beryllium, bismuth, boron, bromine, 
cadmium, calcium, carbon, cerium, chromium, cobalt, columbium, 
copper, erbium, gold, iodine, iron, lead, lithium, manganese, magne- 
sium, mercury, molybdenum, nickel, phosphorus, potassium, sele- 
nium, silicon, silver, sodium, sulphur, tantalum, tellurium, thallium, 
tungsten, uranium, vanadium, zine and zirconium. Of the above 
elements only 2 proved fatal for the white rat—thallium and phos- 
phorus, death occurring within 48 hours. This is in accord with the 
characteristics of the latter 2 elements, both thallium and the white 
phosphorus being poisonous. On autopsy, however, some of the 
phosphorus still glowed on being exposed to the air, showing that 
the absorption of the phosphorus was not rapid. The rats which 
survived were examined 7 and 30 days after implantation, and por- 
tions of tissue adjacent to the implantation were taken for his- 
tological examination. No marked reactions were noted around 
the implantations of aluminum, barium, beryllium, bismuth, boron, 
calcium, carbon, cerium, columbium, erbium, gold, iron, lead, mag- 
nesium, mercury, molybdenum, selenium, silicon, silver, tantalum, 
tellurium, tin, tungsten, uranium, vanadium, zinc and zirconium. 

A large ulcer was noted in the case of titanium and a small ulcer 
in the case of bromine and potassium. Induration around the im- 
plantation was noted in the case of sulphur, antimony, arsenic, 
chromium, cadmium, sodium and lithium. Abscess was noted in the 
case of copper, nickel, manganese and cobalt and a greenish exudate 
in the case of iodine. 

Approximately 75 rats were used and several implantations were 


* Aided by grant from Harrod Cancer Research Fund. 
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made in each. The weight of the elements was not taken since the 
author undertook this work from the standpoint of histological 
study of their effect on the tissues. The approximate size of the 
pieces of sodium, lithium, potassium, phosphorus and thallium 
placed at each site of implantation was 5 x 5 x 2 mm. and from one 
to 2 times this amount was used in the case of the other elements, 
with the exception of bromine, in which instance one cubic centi- 
meter was placed in each area of implantation. The most striking 
feature of the work was the fact that a large number of the ele- 
ments were practically inert when placed in the tissues. In this 
work the author hopes to correlate some of the physical properties 
of the elements with the tissue reactions and their histological study 
after a more lengthy series has been run. The reason why a 
lengthy series is necessary is because of the difficulty of sterilization 
in the case of some of the elements and also of keeping the animal 
wound sterile. 


5599 
Papain Preparations Suitable for the Prevention of Adhesions. 


ROBERT P. WALTON. (Introduced by J. T. Halsey.) 
From the Department of Pharmacology, School of Medicine, Tulane University. 


The use of proteolytic enzymes in the surgical treatment of ad- 
hesions has indicated a definite superiority for the vegetable 
enzyme, papain.» ** * This report is concerned with the develop- 
ment of a sterile papain preparation suitable for clinical use, the 
standardization of the product and some descriptive aspects of its 
behavior in the peritoneum. 

The two procedures previously described for the preparation of 
a sterile trypsin product’ have been applied to papain with varying 
success. The simplest method, namely, the pressure filtration of a 
glycerine extract has been discarded as unsuitable for clinical pur- 
poses. Even though filtered glycerine extracts of trypsin lose very 


1 Kubota, Mitteilungen aus der Medizinischen Facultat der Kaiserlichen Kyu- 
shu-Universtat, 1924, Bd.9, Heft 2. 

2 Ochsner and Mason, Proc. Soc. Exp. Bion, AnD Mxp., 1928, 25, 524. 

8 Ochsner and Herrmann, Arch. Surg., 1922, 17, 365. 

4 Ochsner and Garside, yet unpublished. 

5 Walton, J. Pharm. and Exp. Ther., 1930, 40, 403. 
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little activity in the course of 8 months’ storage and glycerine ex- 
tracts of papain show a high degree of heat stability, the storage 
behavior of the latter is unfavorable. About 50 assays on 12 differ- 
ent lots over periods up to 4 months showed that filtrates stored 
open in the refrigerator averaged a 50% activity-loss in 1 month 
and ampouled filtrates stored in the refrigerator averaged a 50% 
activity-loss in 4 months. The cause for this deterioration was not 
determined although a number of possibilities were examined such 
as atmospheric oxidation, contact with mercury vapor, exposure to 
ultra-violet light and absorption of alkali from the container. 

The second method, previously described, consisted in filtration 
of aqueous or glycerine extracts through Berkefeld filters (N) and 
precipitation of the active product with alcohol and ether. This 
presented no unexpected difficulty when applied to papain and the 
powdered products have shown consistent stability on storage. The 
firm of Parke Davis & Co. have cooperated in producing sterile 
and standard preparations by this method. The activity of the 
standardized, sterile product corresponds closely to that of the ordi- 
nary stock product, mgm. for mgm. 

Papain preparations intended for oral administration have been 
assayed in drug houses by a method involving the digestion of raw 
meat. Further definitions of activity were considered desirable 
when standardizing preparations for this purpose. A method has 
been used based on formo! titrations before and after digestion of 
purified gelatine. Another method, not as precise but simpler, is 
based on the time for disintegration of glycerine-stored fibrin. A 
third method used is a modification of the procedure described by 
Gates® and Gilman and Cowgill,” based on the extent of digestion 
of the gelatine on a strip of photographic film. In each of these 
methods citrate solutions have been used as “activator.” 

Because the effectiveness of papain was exhibited in such remark- 
ably low activity-concentrations, Kubota’ ascribed the effect to a 
chemotaxis with respect to leucocytes, leucoproteases presumably 
digesting the exudative fibrin. From our studies demonstrating 
the high degree of stability of papain it is suggested that the pro- 
teolytic activity of the papain itself might be adequate to explain its 
behavior. Aqueous solutions at 1-1,000 concentration were shown 
to retain about 55% of the original activity after standing 40 hours 
at 40°. This degree of stability was exhibited both by the purified 


6 Gates, Science, 1930, 72, 147. 
7 Gilman and Cowgill, J. Biol. Chem., 1930, $8, 743. 
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sterile product and the ordinary stock product. Trypsin solutions 
(Fairchild’s standard preparation), in contrast, lost 95% activity 
in 3 hours under the same conditions. Papain solutions were un- 
affected by the presence of serum in sufficient concentrations to 
inhibit trypsin almost completely at the same activity concentration. 
In the peritoneal cavity of dogs, papain solutions at concentrations 
of about 1-15,000 retained 50% activity after 5 hours.* Under 
similar conditions, the activity of trypsin disappears completely 
within 2 hours.° 

The minimal fatal concentration for normal dogs may be placed 
at 1-2,000, when using 1 liter of isotonic saline per 10 kg. dog. At 
concentrations up to 1-300 there is marked irritation of the peri- 
toneal surfaces and some hemorrhage. However, the amount of 
blood thus liberated, as indicated by hemoglobin determinations, 
has never exceeded 12 cc. and is thus not sufficient to explain the 
cause of death. Other possible explanations are being studied. 
Concentrations of I-15,000 cause some irritation and occasionally 
slight bleeding, the amount of blood rarely exceeding 1 or 2 cc. 
These conclusions are based on experiments with 16 dogs. The 
extent of irritation caused by papain and by trypsin is about the 
same mgm. for mgm., as determined in 12 rats at concentrations 
of 1-2,000 and of 1-10,000. In this higher dilution there is little 
or no irritation with either. By way of reference it may be pointed 
out that papain has been considered effective in concentrations of 
I-400,000.” ” # 


5600 
Effect of Carbon Dioxide on Ethylene and Nitrous Oxide 


Anesthesia. 


GEORGE B. KLEINDORFER. (Introduced by J. T. Halsey.) 


From the Department of Pharmacology, Tulane University. 


As a continuation of the investigation of the effects of CO, in 
anesthesia, this report embodies the results of a study of the effect 
of this gas on anesthesia by ethylene and by nitrous oxide. As 
shown in the accompanying graphs, it has been found that CO, 
exerts an effect on anesthesia by these gases of the same nature 


ee emma SiN lt Emenee We eet Np ees I a ET 
* Determined by activating removed samples with HS and assaying by the 
photographic film method. Addition of H»S increases the activity about 36 times. 
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as on anesthesia with ether recently reported in this bulletin (Klein- 
dorfer).* 

Thirty-six observations on the effects of mixtures of ethylene and 
oxygen with or without CO, were made on 10 white rats using 
the same methods employed in the ether series. The results are 
indicated in Graph I. However, the depth of the anesthesia pro- 
curable in these animals by these gases was so slight that it appeared 
desirable to supplement this series by observations on other animals. 
Because of the inconsistency of the reactions of rabbits to electrical 
stimulation of the divided sciatic nerve, which was the criterion 
used in this series, these animals were found not to be well suited 
to this type of investigation. While the results were in line with 
those in the rat series they are not reported in detail. 
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The results of 87 similar observations on 12 cats are indicated 
in Graph II. 

Results of 64 observations of the effect of CO, on nitrous oxide 
in 15 cats are similarly shown in Graph III. 

It is apparent from the results reported that 5 or 10% of CO, 
exerts an unmistakable influence in anesthesia by ethylene or by 
nitrous oxide. These observations are in line with observations of 
Nicloux? and Henderson® and his coworkers. The former reported 
that he was able to obtain a good anesthesia from the inhalation of 
ethylene 65% oxygen 15% and CO, 20%. The latter has reported 
an investigation with similar findings on the depth of anesthesia by 
substituting equivalent amounts of CO, for nitrous oxide. A de- 
tailed report of these observations will shortly appear elsewhere. 

1 Kleindorfer, G. B., Proc. Soc. Exp. Bion. anp Mep., 1931, 28, 623. 


2 Nicloux, Maurice, Soc. de Biologie, 1925, 93, 1650. 
8 Henderson, V. E., et al., Anesthesia and Analgesia, 1930, 9, 186. 
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Effects of Triethanolamine on Hemolysis.* 


JOHN W. WILLIAMS. (Introduced by C. W. Duval.) 
From the Department of Pathology, College of Medicine, Tulane University. 


The author’s previous work’ on the surface tension lowering sub- 
stance, sodium taurocholate, and its effects on red blood cells as 
demonstrated by hemolysis suggested like observations on triethan- 
olamine, N (C,H,OH);,? a new surface tension lowering com- 
pound now used commercially as an emulsifying agent and superior 
to similar agents previously used because of its low alkalinity, 
ability to cause finer and more stable dispersions, its slightly bac- 
tericidal powers, etc. 

Approximately 25 human bloods were examined, a drop of blood 
drawn from the patient by syringe being added directly to 
each tube containing 2 cc. of the solution to be observed. Vary- 
ing dilutions of sodium chloride, potassium chloride, calcium 
chloride, sodium hydroxide, hydrochloric acid, acetone, saponin, 
sodium taurocholate, venom from the bothrops atrox and sulphanilic 
acid were observed for hemolysis as such and containing 5% tri- 
ethanolamine and the results compared. The influence of triethan- 
olamine on the pH of the solutions and the time of hemolysis were 
also noted. The first readings registered were taken 2 hours after 
the addition of the blood. Normal sodium chloride was used as a 
vehicle with the exception of the sodium, potassium and calcium 
chloride dilutions and where otherwise noted. The pH of the dis- 
tilled water and normal sodium chloride ranged from 5.6-5.8. 

In the case of the sodium chloride dilutions, hemolysis began at 
the .40% concentration of the salt without triethanolamine and at 
the .30% concentration with the triethanolamine, the triethanola- 
_ mine in each case definitely increasing the alkalinity of the solutions. 
Similar results were obtained with the potassium and calcium 
chlorides. Hemolysis began at .65% in the case of the potassium 
salt without triethanolamine and at .45% with triethanolamine, and 
the alkalinity of the dilutions was increased markedly by the tri- 


* Aided by grant from the David Trautman Schwartz Research Fund. 


I wish to thank the Touro Infirmary for the blood specimens which made this 
work possible. 


1 Williams, J. W., Proc. Soc. Exp. Brou. anp MED., 1930, 27, 913. 
? Wilson, A. L., Ind. Eng. Chem., 1930, 22, 143. 
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ethanolamine. Hemolysis began in the case of calcium chloride at 
.90% without and .60% with triethanolamine, and the alkalinity of 
the solutions was increased definitely by the triethanolamine. 

In the case of sodium hydroxide a brown sediment appeared in 
concentrations of 1:128 and greater, both with and without the 
triethanolamine, and the pH was little affected. Likewise in the 
case of acetone a brown sediment appeared in concentrations of 1:4 
and greater, both with and without the triethanolamine added. The 
pH of pure acetone changed from 5.4 to 6.8 on the addition of 
triethanolamine and the pH of the 1:2 dilution changed from 6.8 
to 8.4 on the addition of the same substance. 

In the case of hydrochloric acid hemolysis occurred in concentra- 
tions of 1:3360 and greater without triethanolamine, and in con- 
centrations of 1:40 and greater with triethanolamine, the pH 
changing to 7.2 in the 1:20 dilution and to 8.4 in the 1:320 dilution 
on the addition of triethanolamine. Sulphanilic acid acted similar 
to hydrochloric. Hemolysis occurred in concentrations of 1:3200 
and greater without triethanolamine, and in concentrations of 1:50 
and greater with triethanolamine. The pH of the sulphanilic acid 
in the 1:50 dilution increased to 8.4 on addition of triethanolamine. 

In the case of sodium taurocholate hemolysis began in concentra- 
tions of 1:100 without and 1:1600 with triethanolamine, and the 
triethanolamine in each case increased the alkalinity of the solutions. 
Saponin reacted in a somewhat similar but less pronounced manner, 
hemolysis beginning in the 1:6400 dilution without and the 1:12800 
dilution with triethanolamine, and likewise the alkalinity of the 
solutions was increased by the triethanolamine. 

In the case of venom, hemolysis did not occur either with or with- 
out triethanolamine in concentrations ranging up to 1:25 the latter 
of which was very opalescent. The alkalinity of the solutions, how- 
ever, was increased. 

Triethanolamine dilutions of 1:6389760 in distilled began to 
influence the pH toward the alkaline and at the dilution 1:24960 
the pH was 8.4. Dilutions of triethanolamine in normal saline of 
1:4 and greater do not as a rule show immediate hemolytic effects, 
nor do they show effects in 2 hours. However, there is a delayed 
hemolytic effect which occurs in 6 hours. A like delayed hemolytic 
effect was observed in all 5% triethanolamine dilutions of sodium 
chloride, potassium chloride, calcium chloride, sodium hydroxide, 
acetone, saponin, sodium taurocholate, venom with the exception 
of the 1:25 dilution which showed no hemolysis, sulphanilic acid 
with the exception of the unhemolysed dilutions of concentrations 
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greater than 1:800 which took 32 hours, and hydrochloric acid with 
the exception of unhemolysed concentrations greater than 1:640 
which took 18 hours. 

In summary we will attempt to explain some of the differences 
which are apparent when triethanolamine is added. The temporary 
increase in resistance of red blood cells to hemolysis when trieth- 
anolamine is added to the sodium, potassium and calcium chloride 
dilutions might possibly be explained by the ability of triethanola- 
mine to cause absorption of the salt on the surface of the red blood 
cells, or rather on the surface of the triethanolamine film surround- 
ing the red cells, so that as a result the media adjacent to the 
red cells is less hypotonic than the figures would indicate, and equi- 
librium is maintained until the physico-chemical changes in the red 
cells destroy this equilibrium and hemolysis is effected. There is no 
or very little difference in the dilutions in which hemolysis takes 
place in the case of acetone and sodium hydroxide with and without 
triethanolamine, but it is to be expected that a substance of low 
alkalinity such as triethanolamine would have little effect on a 
strong alkali or a substance of the reactive properties of acetone. 
When triethanolamine is added to saponin and sodium taurocholate 
we in all probability have an addition of forces militating toward 
hemolysis, since we have substances toxic to red cells with abilities 
to lower surface tension and emulsify combined in one solution. In 
the case of hydrochloric and sulphanilic acids, triethanolamine prob- 
ably acts as a protective of the red cell by forming a surrounding 
envelope and thus acting to maintain equilibrium between physico- 
chemical forces outside and those within the red cell. In addition, 
triethanolamine may interfere with the dissociation of these acids 
and thus reduce their activities. It should be noted here that the 
forces tending to maintain equilibrium are such that hemolysis is 
staved off longer in certain of the dilutions. In the case of venom 
very little effect is shown (unfortunately it was only possible to 
obtain a small quantity from the Antivenom Institute of America) 
and the probable reason why hemolysis did not take place in the 
1:25 dilution when triethanolamine was added was that the phase 
was a triethanolamine and red cell in venom solution resulting in 
no triethanolamine being directly in contact with the red cell. Un- 
doubtedly in the above case reaction plays a part, especially in the 
case of acids where dissociation is interfered with and the acid 
changed toward the alkaline. The maintenance of equilibrium 
where mentioned is an important factor in the delayed type of 
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hemolysis. This delayed hemolysis to the author’s knowledge has 
not been described for any substance or substances. This delayed 
hemolytic effect probably results from the gradual softening of the 
red cell resultant from the emulsifying action of triethanolamine 
on certain of its constituents with eventual complete dissolution of 
its structure. 


5602 


Oxygen Capacity and Hemoglobin Content of Normal 
Blood of Men. 


PAUL C. FOSTER anp J. RAYMOND JOHNSON, 
(Introduced by Henry Laurens.) 


From the Laboratory of Physiology, School of Medicine, Tulane University of 
Louisiana. 


It is almost universally recognized that Haldane’s figure for the 
oxygen capacity of human blood (18.5 vol. p.c.) is too low. In 
spite of this the old standard is still used. A recent text book* 
states that “the standard (referring to Haldane’s) is regarded by 
American workers as too low,” and Drinker,’ in describing a hemo- 
globin standard, writes that “although the blood of normal men in 
this country .... contains on the average 16.6 gm. of hemoglobin 
which would correspond to an oxygen capacity of about 22 p.c., it 
was thought best to keep Haldane’s standard for the present.’ It 
appears unreasonable to accept as a standard a scale on which every 
normal blood is well over 100 p.c. Haldane’s figure was based on an 
original series of 12 men® and substantiated later by a second series 
of equal size.* Although Haldane’s method of analysis has long 
since outlived its usefulness, and we now have an accurate and 
simple method for determining blood oxygen, no extensive observa- 
tions on normal subjects have been reported. 

We have determined, during the winter months, the oxygen capa- 
city of the blood of 115 healthy male students ranging in age from 
18 to 30, most of whom were born and have always lived in the 
South. Specimens were taken during the morning, oxalated (20 
mg. per 10 cc.), and determinations made the same afternoon. The 


1 Wright, Samson, Applied Physiology, 1929, 3rd Ed., 205. 
2 Drinker, C. K., Oxford Medicine, 2, 538. 

3 Haldane, J., and Smith, L., J. Phystol., 1900, 25, 331. 

4 Haldane, J., J. Physiol., 1900, 26, 497. 
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blood was oxygenated at room temperature with a gentle stream of 
air bubbles and the oxygen capacity determined on 2 cc. samples in 
the Van Slyke-Neill® constant volume manometric apparatus, the 
oxygen being determined directly by absorption with the sodium 
hydrosulphite reagent to which sodium anthroquinone-f-sulphonate 
was added as a catalyser. The determinations were checked within 
0.2 cc. on two machines. The results are given in Fig. 1. 
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Mean = 2/.05 + 0.0746 25) 
Standard Deviation 1.177 t 0.052 


8 
tS 
3 


Frequency 
SG 

Frequency 
G 


oO 


5 
TEEN) 20) ANI 22 2524 
Oxygen Capacity - Vol. p.c. 1B" FG IS ALG) OT AS 
Fig. b. Hemoplobin-Gm. pc. 
Fi 19. Ze 


The hemoglobin content was calculated from the oxygen capa- 
cities and is expressed in Fig. 2. Haldane,* accepting the results of 
Hufner, regarded 18.5 cc. of oxygen as equivalent to 13.8 gm. of 
hemoglobin, or 1.34 cc. of oxygen = 1 gm. of hemoglobin. This 
figure is the one accepted today and is supported by the fact that 
1 atom of iron in the hemoglobin molecule unites with 2 atoms of 
oxygen® and that the molecular weight of hemoglobin is a multiple 
of about 16,750, each unit containing 1 atom of iron.’ 
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5 Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 1924, G1, 523, 
6 Peters, R. A., J. Physiol., 1912, 44, 131. 
7 Adair, G. S., Proc. Roy. Soc., 1925, 109A, 292. 
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Red cell counts on 100 of the subjects were made by 2 observers 
checking within 0.2 million. Oxalated blood was used after first 
finding that it checked with determinations on fresh blood. See 
Pig. 3. 

Hematocrits were made on the same 100 subjects by the Van 
Allen* method. Ponder’ has shown that no hematocrit, and particu- 
larly one like the Van Allen, where the blood is first diluted with 
an “isotonic fluid,” is above question. We chose the Van Allen 
method because it is simple, because it gives good checks, and 
because we found that it can be used with oxalated bloods without 
the necessity of making corrections. The average on 20 subjects 
using freshly drawn blood was 44.3 p.c. and on oxalated blood 
which had stood up to 3 hours was 44.7. Since blood is diluted 
about 50 times in the Van Allen tubes, the tonicity due to the initial 
addition of 0.2 p.c. sodium oxalate is negligible. The following 
table shows that the Van Allen method gives lower results than are 
obtained on centrifuging undiluted heparinized blood. It will be 
observed. that about 8.5 p.c. of the observed reading must be added 


TABLE I. 


Conditions Hematocrit* | Av. Corp. Vol.” 


Van Allen method 30 min. at 2200 RPM 


44.4 84.4 
Heparinized blood 
100 x 4 mm. tubes| 45 ’’ at 2800 RPM 46.7 88.8 
Oxalated blood 
100 x 4 mm. tubes} 45 ’’ at 2800 RPM 42.9 81.5 


*Average of 40 subjects. Red count = 5.26. Hb — 15.74 mg. 


Mean =34.77 + O.ll 


Mean = 30.025 # 0.5 Standard Deviation =/.6ft 0.078 


Standard Deviation = 1.68 + 0.08 
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® Van Allen, C. M., J. Lab. Clin. Med., 1925, 10, 1027. 
® Ponder, E., and Saslow, G., J. Physiol., 1930, 70, 18. 
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to the oxalated blood to make it equal the observed reading of the 
heparinized blood. 

The average corpuscular volumes were calculated and the results 
expressed in Fig. 4. Doubtless the wide variation in our results was 
in part due to errors in the hematocrit determinations, the true 
range by our method probably lying between 80 and 92 cu. ». 

The average hemoglobin content of the red cells is shown in Fig. 
5. The relative hemoglobin content of the cells is shown in Fig. 6. 
This is obtained by dividing the hemoglobin content of the cell by 
the volume of the cell. 
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X-Ray Studies of Motility of Gastro-Intestinal Tract of Rachitic 
Rats with Healed Bone Lesions. 


LEON J. MENVILLE, J. N. ANE anv 8S. N. BLACKBERG. 


From the Department of Medicine, Tulane Unwersity, and the Department of 
Pharmacology, Columbia University. 


We previously reported certain observations on the motility of 
the gastro-intestinal tract of a large number of normal and rachitic 
rats. It was found that the motility of the gastro-intestinal tract 
of rachitic rats was markedly altered, and in every case we found 
a hypomotility.* 

This study was undertaken to ascertain whether the motility of 
the gastro-intestinal tract of rachitic rats returned to normal after 
the bone lesions of the rats were healed. 

Three young rats of the same age were fed a rachitic diet for a 
period of 4 weeks, at the end of which time typical rachitic bone 
lesions were found in each animal. Gastro-intestinal examinations 
demonstrated a hypomotility of the gastro-intestinal tract. 


TABLE I. 
Rats Stom. Emp. Time/Sm. Int. Emp. Time} Colon Emp. Time 
3 rachitic rats 7 hrs. 25 min. 8 hrs. 25 min. 90 hours 
The same _ rachitic 
rats healed with 
Viosterol Th OS Sie Sinan eee? gg”? 
2 normal rats Gin US) 22 Ta SO Umase 65? 


1 Menville, L. J., Blackberg, S. N., and Ané, J. N., Proc. Soc. Exp. Bion. AnD 
Mep., 1929, 26, 758. 
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Each of the rats was given 5 drops of Viosterol per day, and the 
animals were continued on the original rachitic diet. After a period 
of 10 days roentgen examination showed that the bone lesions of 
all the rats were healed, but the motility of the gastro-intestinal 
tract had not been affected. There remained a hypomotility of this 
tract. 

Conclusions. The hypomotility of the gastro-intestinal tract of 
tachitic rats is evident even after the healing of bone lesions. We 
appreciate that the number of rats used in our experiment is small, 
but we have received sufficient encouragement for us to continue 
on with the work. 


Illinois Section. 


Billings Hospital, May 26, 1931. 
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Effect of Hypophysectomy on the Incisor of the Rat. 


I. SCHOUR anv H. B. VAN DYKE. 


From the Department of Dental Histology, University of IWinois, and the De- 
partment of Anatomy and the Pharmacological Laboratory, University of Chicago. 


The gross and microscopic anatomy and the rate of eruption of 
the incisors were studied in 2 groups of rats: 

A. Completely hypophysectomized. 16 animals. Age at opera- 
tion: 34 to 64 days. Age at death: 145 to 459 days. B. Littermate 
controls. Some were unoperated but most were unsuccessfully sub- 
jected to operation. Normal oestrous cycles and normal rate of 
growth. 9 animals. 

Significant alterations were observed only in group A. The in- 
cisors of these animals were about two-thirds the size of those of 
the other groups as judged by planimeter readings of radiographs. 
In a few of the rats that lived longest after the operation there were 
seen definite waves on the exposed labial contour of the upper in- 
cisors. The rate of eruption was retarded about 7 days after the 
operation. This retardation was progressive until there was cessa- 
tion of eruption. 

The radiographs of the teeth showed no changes in the size or 
structure of the molars but indicated very clearly striking disturb- 
ances in the form and structure of the rapidly-growing incisors, 
especially the upper incisors. There were 2 areas to be distinguish- 
ed in the radiographs and the histologic sections: an anterior zone 
which comprised about eight or nine tenths of the tooth, and a 
basal zone which contained the base of the pulp and was the seat 
of activity of Hertwig’s sheath. The tooth substance was prac- 
tically solid in the anterior zone. The labial contour in the anterior 
zone was not an arc of a circle but was interrupted by several 
waves. In the basal zone the labial contour was distorted and pre- 
sented multiple narrow and deep foldings. 
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The histologic studies served to confirm and amplify the gross 
findings. The enamel-epithelium was lacking in the anterior zone 
and markedly reduced in the basal zone. The enamel was chiefly 
altered in the basal zone and was often completely absent. The 
dentin was found almost completely to fill the anterior zone; in the 
basal zone it showed multiple foldings and was often poorly calci- 
fied. The pulp was almost entirely limited to the basal zone and 
was of reduced vascularity. The cementum was thickened. Regres- 
sive changes could also be observed in Hertwig’s sheath, the 
periodontal membrane and the labial alveolar periosteum. 

No changes were found in the molars which had usually attained 
their growth before operation. ; 

Intermediate changes were found in an additional group of 5 
rats which were apparently partially hypophysectomized as indi- 
cated by retarded growth and infrequent oestrous cycles. 
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Studies on Experimental Jejunal Ulcer. 


HILGER P. JENKINS anp WALTER L. PALMER. 


From the Departments of Surgery and Medicine, University of Chicago. 


In this paper we are concerned with the experimental produc- 
tion of jejunal ulcers by the “duodenal drainage’’ method described 
by Mann. This consists of resection of the pylorus, closure of the 
upper end of the duodenum, section of the jejunum just beyond the 
ligament of Treitz, anastomosis of the proximal loop of the jejunum 
to the ileum, and an end-to-end anastomosis of the distal loop to the 
end of the stomach. The only striking difference between the 
method used here and that of Mann was that a side-to-side gastro- 
enterostomy stoma was made instead of the end-to-end anastomosis 
that he used. The duodenal secretions along with bile and pan- 
creatic juice were drained into the ileum or jejunum at varying 
levels instead of close to the caecum as he described. 

In a series of 12 dogs, 2 died in 13 and 25 days from, complica- 
tions without ulcer formation. One animal is alive one year after 
the operation apparently in good health. Nine animals died and a 
definite ulcer was found in the jejunum. Of these 7 died from peri- 
tonitis following perforation of the ulcer and 2 from incidental in- 
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fections. The ulcers were located on the mesenteric side of the 
jejunum opposite the end of the stoma in 6 animals, while in 2 the 
ulcer was located on the anti-mesenteric side just beyond the stoma. 
In one animal there were 2 ulcers found located in the 2 positions 
described. The size of the ulcers varied from a diameter of .7 cm. 
to an oval shaped one measuring 2.5 x 3.2 cm. The size of the 
stoma varied from 4.5 cm. to 12 cm. in circumference. The aver- 
age circumference was 7.42 cm. The shortest duration of life in 
which an ulcer was found was 32 days. The longest duration was 
228 days. The average length of life was 100 days. The point of 
drainage varied from the relatively shortest distance from the 
caecum of 75 cm. to as high as 175 cm. from the caecum. Weight 
loss was observed in all the animals, which varied from 2.8 kg. to 
9.2 kg., or an average of 5.4 kg., except the animal which is still 
alive and has gained 5 kg. since operation. Gastric analyses made 
on most of the animals demonstrated an acidity which did not 
deviate strikingly from the normal. 

Conclusions. 1. When the “duodenal drainage’’ procedure de- 
scribed by Mann was modified by the use of a wide gastroentero- 
stomy stoma instead of the narrow end-to-end anastomosis, jejunal 
ulcers developed in 90% of the animals which survived the opera- 
tion one month.. The lesions were located opposite the end of the 
stoma or just beyond it, not at the suture line. It seems to us 
that the possibility of mechanical injury of the jejunal mucosa due 
to the ejection of chyme from a narrow stoma is not very great, 
because these lesions were obtained with a large stoma. This ex- 
periment apparently emphasizes the importance of the chemical 
action of unneutralized gastric juice on the jejunal mucosa. 2. The 
point of drainage of the duodenal secretions into the small bowel 
did not appear to markedly alter the formation of ulcers except 
that the animals which had a relatively high implantation survived 
longer. The animal with the highest implantation is still alive and 
in good condition one year after the operation. 


SEROLOGICAL REACTIONS IN YELLOW FEVER 937 


5606 


Protective and Complement-binding Bodies in the Serum of Human 
Yellow Fever Convalescents. 


N. PAUL HUDSON. 


From the International Health Division of The Rockefeller Foundation and the 
Department of Hygiene and Bacteriology, The Uniwersity of Chicago. 


We have had the opportunity to make a serological study of 5 
cases of yellow fever due to laboratory infections. The sera of 4 of 
these were examined for protective and complement-fixing bodies 
throughout convalescence so far as was practicable, while the serum 
of the other case was examined for the first property from the 
seventh week and for the second property from the eighth month 
after the onset of illness. 

Protective antibodies: The technic of testing for the protective 
property was that usually employed, namely, the intraperitoneal inoc- 
ulation of monkeys with serum, followed after 6 hours by the sub- 
cutaneous injection of fresh monkey blood containing virus. The 
table giving the results of these tests indicates that antibodies pro- 
tecting monkeys against massive doses of virus appeared about the 
fifth day of illness in 4 cases. In the one instance in which serum 
was examined for the first time 7 weeks after illness, this protective 
property was present and repeatedly demonstrated thereafter. 

Complement-binding bodies: The technic we employed in the 
complement-fixation tests was as described in a recent publication,’ 
where the literature is briefly reviewed. It consisted essentially in 
the use as antigen of pooled infectious monkey serum preserved in 
a dry state, in the employment of a series of antigen dilutions 
against a constant dilution of serum, and in overnight fixation at 
5°C. The usual controls were always included and in the experi- 
ments reported here were satisfactory. 

A positive reaction appeared in one case in the eighth week after 
the onset of illness, and in another in the ninth week. The sera of 
2 individuals gave positive tests at their first examination, 4 and 8 
months after onset, while the reaction with the serum of one per- 
son has been consistently negative during the 8 months of observa- 
tion after the acute attack. The same antigen preparation was used 
throughout these tests conducted for more than a year. 


1 Hudson, N. Paul, in press. 
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Further laboratory and clinical studies on these cases are to be 
reported by Berry and Kitchen,’ and the numbers of the cases given 


in the accompanying table are made to conform to their case num- 


Our findings in regard to the protective and complement- 


bers. 


f illness of 


ity o 


. 


fixing properties cannot be correlated with the sever 


the patients. 


The appearance of positive fixation reactions later than protec- 
tive antibodies is probably due either to the crudeness of the com- 


plement-fixation test as conducted, or to the result of persistence 


2 Berry, G. P., and Kitchen, 8. F., 


to be published. 
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of the virus in the host, or to the combination of both factors. 
When a positive fixation reaction occurred, it has persisted to the 
time limit of experimentation, in one instance to 21 months after 
onset of illness. 

The animal test for protective antibodies as a means of diagnosis 
is expensive and not without danger to the worker. If the com- 
plement-fixation reaction is developed so as to give a high propor- 
tion of reliable results without false positives, it appears essential 
to apply it not before several weeks after the suspected illness. 
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The Cardiac Output in Hyperventilation.* 


N. W. ROOME. (Introduced by D. B. Phemister.) 
From the Department of Surgery, Unwersity of Chicago. 


Henderson’ described the depression of blood pressure in acapnia, 
advanced the hypothesis of a venopressor mechanism, and still be- 
lieves that the decrease of the venous return to the right heart is a 
principal factor in the production of this effect.” Dale and Evans’ 
showed by cardiometer experiments that the cardiac output is not 
significantly altered in hyperventilation, and thought the effect due to 
depression of the vasomotor centres of the bulb and spinal cord. 
Voluntary over-breathing in man results inconstantly in a reduction 
of the blood pressure; and McDowell* reported that in some 
dogs anesthetized with chloralose no fall, or even a rise, of blood 
pressure occurred with acapnia, while in all animals anesthetized with 
ether a fall occurred. These observations were explained by the 
hypothesis that acapnia has a dual effect on the circulation, (a) 
vasodilatation due to a central action, and (b) constriction of 
smaller and more peripheral vessels due to a local action. 

In studying the effects of acapnia, it was desired to measure by 
the Fick method the cardiac output before and during hyperventila- 


* This work was done under a grant from the Douglas Smith Foundation of 
the University of Chicago. 

1Henderson, Y., Proc. Am. Physiol. Soc., Dec., 1905. 

2 Henderson, Y., J. Am. Med. Assn., 1930, 95, 572. 

3 Dale, H. H., and Evans, C. L., J. Physiol., 1922, 56, 125. 

4 McDowell, BR. J. S., J. Phystol., 1930, 70, 301. 
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tion, and to compare the effect on the output with the effect of par- 
tial obstruction of the venous return to the heart. 

Dogs of 5 to 8 kgm. body weight, anesthetized with sodium- 
barbital, were used in all experiments. Ventilation of increased rate 
and volume was obtained by alternate positive and negative air pres- 
sure applied to the entire body except the head, in the manner of 
the Drinker respirator. A cylindrical metal chamber, 35 cm. x I5 
cm. in diam., was used; its open end was closed by a thick rubber 
cuff, sealed about the dog’s neck by several layers of adhesive tape. 
The chamber was connected by a side-arm to 2 Palmer respiration 
pumps, operated synchronously by an electric motor, at 115 or 160 
r.p.m. Oxygen consumption was measured by a Benedict type 
spirometer. The spirometer could not freely follow rapid respira- 
tory movements; hence a breathing chamber with one wall a rubber 
diaphragm was devised to take up the oscillatory movement, while 
the position of the float continued to indicate the oxygen consump- 
tion. The chamber used was a metal cylinder, 19 x 22.5 cm. diam., 
connected directly to the tracheal cannula, and containing soda-lime 
on its floor and in a gauze bag suspended over the tracheal con- 
nection. Air was continuously circulated through the whole ap- 
paratus by a motor blower. Samples of the mixed venous blood 
were obtained from the right heart by means of a metal cannula 20 
cm. long, passed down the right jugular vein; samples of arterial 
blood were collected through a T-cannula in the right carotid artery. 
The arterial blood pressure was recorded by a manometer connected 
to a cannula in the left carotid artery. Sufficient heparin (Howell) 
was given intravenously to render the blood incoagulable. Calcula- 
tions of the cardiac minute volume were by the Fick formula, the 
arterio-venous oxygen difference being estimated by means of a 
Van Slyke manometric blood-gas machine. 

It was found that in hypocapnia the blood pressure fell propor- 
tionately more than the cardiac output. In 3 dogs, the cardiac 
minute volume remained at 90 to 110%, while the blood pressure 
fell to levels 72.5 to 83% of the normal. This contrasts with the 
effect of obstruction to the venous return by ligation of various 
large veins, when the output of the heart is diminished proportion- 
ately more than the blood pressure; in one dog the cardiac output 
fell 78.5% while the blood pressure remained at the normal level, 
and was 41% at a blood pressure level 67% of the normal. 

These findings confirm the opinion that the fall in blood pressure 
in hyperventilation occurs without much depression of the circula- 
tion, and is probably due to an arteriomotor relaxation. 
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Isolation ot Histamine from the Pyloric Mucosa. 


J. SACKS, A. C. IVY, J. P. BURGESS ann J. E. VANDOLAH. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School. 


Although histamine has been isolated from the intestinal mucosa,* 
and from the combined gastric and intestinal mucosa,” its isolation 
from the gastric mucosa alone has not been reported. This report 
deals with the isolation of the substance in crystalline form, from 
the pyloric mucosa of the hog, under conditions which preclude the 
possibility that it is present as a result of putrefaction. 

The material was obtained at the slaughter house within 30 
minutes after the animal was killed. The mucosa was washed with 
water and immediately subjected to extraction by 1% sulfuric acid 
in 80% alcohol. Activated charcoal was added to the extract in 
sufficient quantity to remove all pigment, the extract filtered from 
the charcoal, and the histamine adsorbed on Lloyd’s Reagent 
(hydrous aluminum silicate). The Lloyd’s Reagent was then ex- 
tracted with dilute aqueous ammonia, which liberated the histamine. 
The ammoniacal solution was evaporated to a small volume and 
mixed with 1% times its weight of anhydrous sodium carbonate. 
On standing overnight in a dessicator, this formed a dry cake. This 
was powdered and extracted with chloroform in a continuous ex- 
traction device, until fresh chloroform extracts no longer gave a 
Pauly reaction. The combined chloroform extracts were filtered 
from some gummy substance and extracted with a small amount 
of water. The aqueous extract was boiled to remove chloroform 
and volatile bases, and then submitted to fractional precipitation 
with silver nitrate and barium hydroxide, according to the method 
of Kutscher.* The histamine was found in the fraction precipitated 
by silver in alkaline solution. 

The silver precipitate was decomposed with dilute hydrochloric 
acid and the solution evaporated to a small volume. On standing, 
a crystalline material separated. This was removed by filtration 
and the filtrate concentrated to a thin syrup. To this, 20 volumes 
of alcohol were added, then concentrated sulfuric acid was added, 


1 Barger and Dale, J. Physiol., 1911, 41, 499. 

2 Abel and Kuboda, J. Pharm. Exp. Therap., 1919, 13, 243. 

3 Kutscher, quoted by Barger, ‘‘The Simpler Natural Bases,’’ London, 1914, 
120. 
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drop by drop, to maximum precipitation. The crystalline precipi- 
tate of histamine sulfate was separated by filtration and washed 
with alcohol and ether. 

For identification, the histamine was converted into the dipicrate. 
The rhombic yellow leaflets obtained melted at 230-232°C. The 
melting point was unchanged when the material was mixed with 
dipicrate from known histamine. 
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Experimental Low Colonic Obstruction. 


GEORGE M. ROBERTS anp LATHAN A. CRANDALL, JR. 


From the Departments of Medicine and Phystology and Pharmacology, North- 
western Unwersity Medical School. 


The evidence has been accumulating that one of the major fac- 
tors in death from high intestinal obstruction is loss of fluid and 
chlorides. This does not signify that a toxemia of unknown nature 
is not important in such cases. For this reason we have studied a 
series of dogs with low colonic obstruction. Eleven dogs survived 
the operation and at autopsy showed no cause of death other than 
simple obstruction; in 5 of these, obstruction was produced by a 
band of gauze tied tightly about the rectum; in the remaining 6 
the colon was severed about 8 inches above the anus and both 
ends closed with sutures. The average length of life in these 12 
animals was 8% days, maximum 20 and minimum 5 days. Autop- 
sies showed the large bowel much dilated, discolored, and filled with 
gas and fluid fecal material. The small bowel was also markedly dis- 
tended for some distance above the ileo-cecal sphincter, and showed 
hemorrhagic areas in the lower portion. The gall bladder was 
usually dilated; peritoneal cavity clear and containing little or no 
free fluid. 

Food and fluid were allowed ad lib. Some of the animals ate 
well up to a few days before death, others refused food from the 
time of operation until death occurred. The 2 showing longest 
survival periods (19 and 20 days) ate almost like normal animals. 
All of the animals vomited slightly, the amount depending upon the 
intake and increasing in the 48 hours prior to death. In no case 
was the vomiting abundant, as seen in high obstruction. 
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Plasma chlorides were followed in all animals. In only 2 was a 
significant fall observed; these animals lived 5 and 6 days, respec- 
tively, and vomited greater quantities than the others of the series. 
In one the chlorides fell from a control level of 460 to 338, in the 
other from 552 to 445. In none of the remaining animals did the 
chlorides fall more than 50 mg./100 and in some cases the level 
just before death was higher than the control. 

Blood urea was studied in 5 of the animals and in all showed a 
steady rise, in one case reaching 60 mg./100 the day before death. 
Qualitative analyses for blood indican were also made in 5 animals; 
the amount of indican increased only slightly above the control level. 

In 3 dogs 100 cc. of barium suspension was given as an enema 
just prior to operation. The colon was occluded with the barium 
in place, and the position of the barium was ascertained each day by 
fluoroscopy. In no case was the barium observed to pass above 
the ileo-cecal valve although in each dog it appeared to mix uni- 
formly with the contents of the colon. This indicates that the fecal 
matter which these dogs may vomit in small amounts probably is 
not brought up by reverse peristalsis from the colon. 

In these dogs loss of chlorides does not appear to be an important 
factor, as it is in high obstruction. At the same time, the larger 
area of absorbing surface presented to the contents of the obstructed 
bowel may increase the absorption of toxic material. Thus while 
in high obstruction loss of chloride and fluid may play the predomi- 
nant role, in low obstruction the part played by chloride loss is over- 
shadowed by some other factor, probably absorption of toxic sub- 
stances. It has been shown that distension,’ such as occurs in these 
animals, may increase such absorption. These results suggest that 
absorption of toxins cannot be ignored as a cause of death in simple 
obstruction. 


1 Dragstedt, C. A., Lang, V. F., and Millet, R. F., Arch. Surg., 1929, 18, 2257. 


944 ; PROCEEDINGS 


5610 


The Etiology of Gall Stones. I. Chemical Factors.* 


RUDOLF SCHOENHEIMER anp LEO HRDINA. 
(Introduced by Edmund Andrews.) 


From the Department of Surgery, Unwersity of Chicago. 


The problem of gall stone formation is the problem of the pre- 
cipitation of cholesterol out of the bile. An explanation is only 
possible when we know how the cholesterol is held in solution in 
the bile. The bile differs from all the other body fluids in that 
it contains large amounts of bile salts which, for a long time, have 
been known to have the power to hold many ordinarily insoluble 
substances in solution. Long ago Wieland and Sorge’ showed that 
desoxycholic acid, a split product of the glyco- and taurodesoxy- 
cholic acids occurring in bile formed with various substances, in- 
soluble in water, a soluble addition compound. We have investi- 
gated the question as to whether one certain bile acid or all bile 
acids are responsible for the solubility of the cholesterol in the bile. 

We have found that when bile acids are precipitated from human 
gall bladder or fistula bile by FeCls, lead acetate by acidification, or 
by any other means there is a simultaneous precipitation of chol- 
esterol. This can easily be proved by dissolving the bile acid fraction 
in alcohol and adding digitonin, which brings down a precipitate of 
cholesterol-digitonid. The complex of bile acids and cholesterol is 
readily soluble in water and may be purified by various methods 
without lessening the cholesterol content. These substances have 
about the same cholesterol content, 6-9%, without regard to the 
form of bile acids from which they are made. 

These same products may be prepared from pure bile acids. We 
have made these complexes from cholic, desoxycholic acid, gly- 
cocholic and taurocholic acids. The properties of these substances 
are very similar. The bond between the cholesterol and the bile 
acid is a very loose one and even in the preparation there is very 
often a slight loss of cholesterol. The bond is considerably looser 
than in the complex between fatty acids and desoxycholic acid de- 
scribed by Wieland and Sorge." Splitting is brought about for ex- 
ample by digitonin and by many organic solvents (e.g. ether, chloro- 


* This work was done in part under a grant from the Douglas Smith Foun- 
dation for Medical Research of the University of Chicago. 


1 Wieland, H., and Sorge, H., Z. f. physiol. Chem., 1919, 97, 1976. 
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form, etc.) Further investigations are necessary to show whether 
this is a chemical combination or simply a phenomenon of simul- 
taneous solution. Part of the bile acids yield this complex only in 
salt form; others, the taurocholic acid, as acids as well. 

Large amounts of these complexes have been isolated from 
human bile. It appears that all or nearly all of the cholesterol is 
bound to the bile acids in this form. On the contrary in dog or ox 
bile, enormous volumes yielded but small amounts of the complex, 
most of the bile acids being in a combination with fatty acids. 

The importance of this for human gall stone formation is shown 
by the slight influences which bring about a breaking up of this 
complex. If the watery solutions of the Na-glycotholic-acid complex 
are dialysed, the bile salts pass through the membrane and the chol- 
esterol is retained quantitatively. As there is no longer sufficient 
bile salts within the membrane to hold the cholesterol in solution it 
is precipitated. We have demonstrated this phenomenon not only in 
substances prepared from liver and gall bladder bile but in many 
complexes of bile salts and cholesterol synthetically prepared. 

All these experiments show that as soon as the bile acids are got 
out of the solution, the cholesterol must be precipitated. Any time 
that the organism by any pathological changes, brings about a sig- 
nificant lowering of the bile acids in the gall bladder in relation 
to the amount of cholesterol in it, cholesterol precipitation is bound 
to ensue. The fact that dog and ox bile contain very small amounts 
of this complex offers an explanation of why cholesterol containing 
gall stones are never found in animals. 


5611 
The Etiology of Gall Stones. II. Réle of the Gall Bladder. * 


EDMUND ANDREWS, RUDOLF SCHOENHEIMER anp LEO HRDINA. 
From the Department of Surgery, Unwersity of Chicago. 


In the preceding paper it was shown that the greater content 
of cholesterol in human bile than in that of animals was associated 
with the formation of a water soluble complex with bile salts. By 
this means more cholesterin is held in solution. It is obvious there- 


* This work was done in part under a grant from the Douglas Smith Foun- 
dation for Medical Research of the University of Chicago. 
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fore that the maintenance of the cholesterol in solution is dependent 
on the concentration of bile salts in the bile and that if it falls below 
a certain level the cholesterol will be precipitated. The following 
studies of the differential absorption rate of bile acids and chol- 
esterol seem to show that the gall bladder under certain conditions 
may play the major part in gall stone formation. 

It will be seen that under normal conditions the gall bladder 
mucosa in its action in concentrating the bile is able to absorb water, 
of course, rapidly, and the bile salts and cholesterol, if they are 
absorbed at all, are absorbed at the same rate. In other words the 
cholesterol content of the bile rises no faster if as fast as the bile 
salt content, so that there is a wide margin of safety, and no danger 
that there will not be enough bile salts to hold the cholesterol in 
solution. 

When the gall bladder is diseased a diametrically opposite action 
takes place. In this series, the cystic duct was ligated which, as we 
have shown, leads at once to the infection of the gall bladder. 
Such a gall bladder with the added insult of the insertion of a needle 
and ligature of the needle hole looks grossly thickened and diseased 
at the end of 24-48 hours. In some of the experiments it was also 
traumatized by scraping its mucosa. In this series of experiments 
an entirely opposite differential absorption took place. In every case 
samples taken 24 hours later showed an increase in the concentra- 
tion of cholesterol of 2 to 85%, average + 29% and a lessening in 
the concentration of the bile salts of 3 to 69%, average — 28%. 
The ratio of bile salts over cholesterol was 97 for normals, 59 for 
the 16 experiments. This is of a high enough degree to cause the 
precipitation of the cholesterol if continued for any length of time. 
In the traumatized gall bladders this phenomenon was still more 
marked. 

In view of the previously reported precipitation of cholesterol 
from bile acid solutions by dialysis, it seems reasonable to assume 
that the gall bladder mucosa has a great absorptive power for bile 
salts if diseased ,and that in the latter case the bile acids are absorbed 
faster as they would be from any semi-permeable membrane on ac- 
count of their greater solubility. 


1 Andrews, E., and Hrdina, L., Proc. Soc. Exp. Bron. anp Mep., 1930, 28, 116. 
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Etiology of Gall Stones. III. Bile Salt-Cholesterol Ratio in Human 
Gall Stone Cases. * 


EDMUND ANDREWS, RUDOLF SOHOENHEIMER anp LEO HRDINA. 
From the Department of Surgery, University of Chicago. 


If, as has been suggested in a previous paper, cholesterol stones 
are formed in the human gall bladder because there were not enough 
bile salts present to hold the cholesterol in solution, one would ex- 
pect to find in human gall bladders with cholesterol stones a lesser 
quantity of bile salts. The accompanying table amply confirms this 
expectation and corroborates the findings of Newman.” 


TABLE I. 
Human Gall Bladder Bile in Cholelithiasis. 


Reg. No. Cholesterol Bile Salts B.S./Chol. Ratio 
34963 69 1130 16.4 
32259 78 175 2.2 

3971 138 1302 8.8 
33293 114* 0 0. 
35576 138 272 2.0 
34904 188 1310 7.0 
35861 96 735 7.6 
37847 282* 0 0. 
12869 360* 45 0.12 
Average 162 556 3.4 


Mixed bladder bile 
from 30 stone cases 
postmortem 400 247 0.6 


Newman’s studies were all upon autopsy material, and for that 
reason might have been questioned. The first series here given are 
all on fresh surgical specimens and hence not open to the criticism 
of agonal changes. 

As controls in these studies it is of course impossible to obtain 
bile from normal human gall bladders, and the autopsy findings of 
Newman must serve. In his series the controls from normal human 
gall bladders gave a bile acid-cholesterol ratio of from 10 to 24, 
and his lowest figures of bile acid content of normal gall bladders 
were nearly double our highest one in a stone containing gall bladder. 
As a further control the figures cited by Hammarsten on 2 cases of 


* This work was done in part under a grant from the Douglas Smith Foun- 
dation for Medical Research of the University of Chicago. 
1 Newman, ©. E., Beitrage Z. Path. Anat. u. z. Allgem. Path., 1931, 136, 187. 
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sudden accidental death are interesting. His analyses showed ratios 
of 10 and 40 respectively and the total bile acids were 8.2% and 
8.7%, approximately 16 times as high as the average of our opera- 
tive cases. 

It is further very interesting to note that in several of our speci- 
mens the bile contained a large amount of cholesterol crystals and 
those cases had little or no bile acid in the bile. This was true not 
only in 2 cases with little or no pigment in the bile as a result of 
long cystic duct obstruction, but in another bile which appeared 
absolutely normal grossly except for the presence of cholesterol 
crystals and on chemical examination proved to contain but 42 
mg.% of bile salts. 

These figures are offered as further proof of the above annunci- 
ated theory that cholesterol stones are due to a faulty differential 
absorption of bile acids and cholesterol by the abnormal gall bladder 
mucosa. 


5613 
Intestinal Absorption of Viable Yeast. 


VIRGINIA FISHER. (Introduced by L. Arnold.) 


From the Department of Bacteriology, University of Illinots College of Medicine, 
and Research Laboratories, State Department of Public Health, Chicago. 
\ 

The fate of yeast ingested by mouth has been investigated in 
this laboratory for the past 2 years. The relative destruction within 
the lumen of the stomach, small intestine and large intestine has 
been reported (Montgomery, Boor, Bergeim and Arnold).’ We 
wish to report upon the passage of yeast through the wall of the 
intestinal tract into the body. The procedures carried out by Nedzel? 
for absorption of bacteria have been followed in these investiga- 
tions. 

Fasting dogs were given one cake of compressed yeast (Fleisch- 
mann) in 100 cc. saline by a stomach tube and animals were killed 
at periods indicated in Table I. One gram masses of certain organs 
were removed and cultured in maltose acid broth. Subcultures 


1 Montgomery, Boor, Arnold and Bergeim, Proc. Soc. Exp. Bion. AND Mxzp., 
1931, 28, 589. 

? Nedzel and Arnold, Proc. Soc. Exp. Bion. anp Mep., 1931, 28, 358, 360, 
361, 364, 366. ie 
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were made on maltose acid agar after 24 hours and the presence or 
absence of yeast was determined as indicated in Table I. In 6% 


TABLE I, 
Distribution of viable yeast in organs of dogs after oral administration. 
Positive cultures in percent of animals used are indicated. 


TABLE II. 
Viable yeast in portal blood and bile. Dogs fed yeast by mouth. 
Time | Specimen Dog No. 
min. 
I I III IV Vv vI 
10 Blood 0 0 0 — — — 
Bile 0 9 0 — — — 
20 Blood 0 0 0 a — + 
Bile 0 0 0 — oa + 
30 Blood 0 0 0 — _— ok 
Bile 0 0 0 — —_ + 
40 Blood 0 0 0 — — — 
Bile 0 0 0 — — — 
50 Blood 0 0 0 — — — 
Bile 0 0 0 — — — 
60 Blood — — — _ — _ 
Bile + _- —_— — — — 
+ indicates presence of yeast. —aindicates absence of yeast. 
0 indicates no material cultures. 
TABLE III. 
Viable yeast in portal blood and bile after duodenal injection. 
Time Specimen Dog No. 
min. 
il II III IV 
10 Blood — _ == = 
Bile — = = = 
20 Blood — _— Spar <= 
Bile —— — == = 
30 Blood spi = — = a 
Bile AP = ar “= 
40 Blood —_ — =r ai 
Bile ++ — = a 
50 Blood apar = BR: aa 
Bile SPae == ie ae 
60 Blood = — = =, 
Bile arr oa i as 


pe RE A RE | 2 ee re See 


+ represents 1-25 colonies. ++++-+ represents 150 colonies or more. 
— indicates no yeast growth. 
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of the cases, 2 cc. specimens of portal blood and bile were taken 
every 10 minutes for an hour and placed in maltose broth. After 
24 hours these were subcultured as above. (Table II). 

Fasting dogs were anesthetized, the abdomen opened, and one 
cake of yeast dissolved in about 25 cc. saline injected into the 
duodenum. Animals were killed at the time intervals shown in 
the accompanying graph, and one gram specimens of the organs re- 
moved and treated as in Part I. Two cubic centimeter specimens 
of portal blood and bile were taken on the dogs every 10 minutes for 
an hour after injection and cultured as in Part I. Results are 
shown in Table III. 

Dogs, fasted for 24 hours, were anesthetized, the abdomens 
opened, and amounts of yeast in saline suspension, varying from 
10 billion to 300 million cells, injected into the portal vein. The 
dogs were killed at one half and one hour, as indicated in Tables 
IV and V, and one gram specimens of the organs shown in these 
tables cultured in maltose acid broth. Subcultures were made after 
24 hours, on maltose agar, and the number of viable yeast deter- 
mined as indicated in Tables IV and V. 

TABLE IV. 


Distribution of viable yeast in dogs injected into portal vein. 
Dogs killed 14 hour after injection. 


Dose, cells Date 


Spleen Kidney 
in millions 


10,000 11/20 a are 
10,000 11/21 ae Sige 
4,000 41/24 ne ad 
3,200 11/25 ce aay 
2,400 12/19 rs a3 

720 11/28 ms 


+ represents 1-25 colonies. colette ale represents 150 colonies or more. 
— indicates no yeast in organ culture. 


TABLE V. 
Distribution of viable yeast in dogs, injected into portal vein. Dogs killed 1 hour 
after injection. 


Dose, cells Date Liver Lymph Lung Spleen Kidney 
in millions 
4,200 12/8 1800 90 — _— — 
4,800 12/10 3000 60 3000 40 375 
4,800 12/11 65 72 21 _ 130 
400 12/15 69 = — = — 
300 12/17 40 mas — ~ _ 


When a large dose—5 to Io billion cells—is injected into the 
portal vein, the yeast cells are showered throughout all the organs, 
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Distribution of viable yeast in organs of dogs injected intraduodenally. Posi- 
tive cultures in percent of animals used are indicated. 


but decreasing the dose lowers the incidence of appearance, most 
of the cells being caught by the liver. Increasing the time interval 
produces a wider distribution with a smaller dose—1 to 4 billion 
cells. One accidental firiding is of interest; a bitch about 4 weeks 
pregnant was injected intraportally with 300 million cells and killed 
within one half hour. Although the dose was much smaller than in 
previous experiments, yeast was found in appreciable quantities 
throughout all the organs, indicating that the liver-filtering function 
was markedly impaired. 

Results of human feeding experiments corroborating these results 
will be published at a later date. 

Conclusions. 1. Yeast fed by mouth is absorbed like bacteria into 
the portal circulation from the lumen of the intestinal tract. 2. In- 
traduodenal injections did not show increased absorption of yeast 
over that fed by mouth. 3. Intraportal injections demonstrate that 
the amount of yeast recovered from the organs, and the relative dis- 
tribution, varies directly with the amount of yeast injected. 
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Variations in Self-Disinfecting Power of the Skin During the 
Menstrual Cycle. 


VIRGINIA FISHER. (Introduced by L. Arnold.) 


From the Department of Bacteriology, University of IWinois College of Medicine, 
and Research Laboratories, State Department of Public Health, Chicago. 


Several normal young females have been hospitalized and the 
skin reactions, blood chemistry, and other metabolic studies have 
been carried out daily for the period of one or more menstrual 
cycles. We report in this paper the results so far obtained by test- 
ing the self-disinfecting power of the skin each day during the 
complete menstrual cycle. 

The technic was the same as that employed by Singer and Arnold* 
and Karns and Arnold.* The hands were submerged in suspensions 
of B. prodigiosus, bacteriological specimens were removed from 
palmar and dorsal surfaces of both hands by means of sterile swabs.” 
Results are an average of the disinfecting power of all 4 surfaces. 
Patients were tested daily for periods of 28 days. 

One studied through 3 menstrual cycles shows a decided inhibi- 
tion in self-disinfecting power at this time, (A, B and C). The 
others show daily changes in inhibition, with individual variations 
as to the time, which may occur during the cycle, (D, E and F). 
Each individual has a pattern, which is repeated during every cycle; 
the same general reactions hold for all. Subject Mc—(G) shows 
a high skin disinfecting power and an interference with menses while 
upon a ketogenic diet. 

The variations in the self-disinfecting power of the skin of the 
normal female during the menstrual cycle can be definitely cor- 
related with other demonstrable skin changes. Blood chemical and 
metabolic alterations can also be shown to occur during definite 
periods of this cycle. The correlation of all of these various tests 
with self-disinfecting power of the skin will be published later. 


1 Singer and Arnold, Proc. Soc. Exp. Brot. AND Mx=D., 1930, 27, 364. 
2 Karns and Arnold, Proc. Soc. Exp. Biot. snp Mxp., 1931, 28, 375. 
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Fig. 1. 
Daily determinations of the rate of disappearance of viable B. prodigiosus from 


skin of female subjects during 28 consecutive days, Crossed-in area indicates 
the menses period. 

A, B, ©, subject Mc; D, subject D; E, subject L; F, subject F; G, subject Me, 
who was on ketogenic diet for two weeks. 
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Metabolism of Peripheral Leg Nerves and the Ganglionated Nerve 
Cord of the Lobster. 


T. H. CHANG.* (Introduced by R. W. Gerard.) 
From the Physiology Course of the Marine Biological Laboratory, Woods Hole. 


With the exception of the studies of Meyerhof and Schultz’ 
on the oxygen consumption of non-medullated nerve, all recent 
studies of nerve metabolism have been limited to the usual medul- 
lated type. The present experiments, paralleling some of those of 
Gerard? on the frog sciatic, have been carried out on the peripheral 
leg nerves and the ganglionated nerve cord of the lobster, Homarus 
Americanus, typical unmyelinated nerve of the invertebrate type. 

The ventral ganglion chain and the nerves from the large crush- 
ing and cutting claws and the small walking legs were carefully 
dissected out under sea water and kept in this medium throughout 
the experiments. Oxygen consumption was measured with War- 
burg manometers, using 3 cc. conical vessels with an inset for alkali 
and a side bulb for fluid to be poured on the nerve in the course 
of arun. All experiments were performed at 23.8 to 24.2°C., ex- 
cept those involving the temperature coefficient. 

In a number of experiments the dry weight was determined as 
a fraction of the moist. For the claw nerves it was 11.2% (24 ex- 
periments) ; for the ganglion chain 14.3% (16 experiments). The 
Qo., expressed as cubic millimeters of oxygen per gram moist 
weight per hour, averaged 81.4 (extremes 48 to 122) for all nerves 
and 123 (range 107 to 139) for the ganglion chain. The nerves 
to the cutting or crushing claws each averaged 86; those to the walk- 
ing legs, 71. No sex difference was observed. 

The respiration of the nerves did not remain constant with time, 
but fell about 10.5% per hour, a little more than this at first, a little 
less later, during 4 or more hours. The ganglion Qo, held surpris- 
ingly constant, losing only 1.5% per hour over the same time. 

The Q.. from 15° to 25° was 1.74 + o.1 for the claw nerves 
(average of 5 experiments). 

Addition of methylene blue caused an average increase of 17% 
in the oxygen consumption of the claw nerves, and 23% for the 


* The writer takes great pleasure in thanking Prof. R. S. Lillie and Prof. R. 
W. Gerard for their suggestions and encouragement. 

1 Meyerhof, O., and Schultz, W., Biochem. Z., 1929, 206, 158. 

2 Gerard, R. W., Proc. Soc. Exp. Biot. anD Mxp., 1930, 28, 1052. 
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ganglia. Azure A and B led to about the same rise as the methylene 
blue. Cresyl blue had a still greater effect, causing an average in- 
crease of 60% for the nerves and 29% for the ganglia. The methy- 
lene blue and cresyl blue were used in concentrations of about 
0.04% and the azure of 0.07%, the dyes being tipped onto the nerves 
during a run. M/r1o0o NaCN produced regularly 70% to over 
90% inhibition of the oxygen consumption of both tissues, and oc- 
casionally inhibition appeared to be complete. This cyanide de- 
crease was largely or completely reversed by the subsequent addi- 
tion of either cresyl blue or methylene blue. Thus, with cresyl blue, 
the immediate effect was an increase of oxygen consumption to 
about 140% of the original level, followed by a fall during 5 hours 
to a value over 50% of the original. Methylene blue led to a re- 
turn of oxygen consumption to approximately 50% of the original, 
both in the ganglion and nerve. 

Acid production, presumably due to glycolysis, was estimated 
in terms of the liberation of CO, from sea water in a nitrogen 
filled manometer, and is expressed, similarly to oxygen consump- 


tion, as Q¢é, . In all cases this value was greatest at the start, fell 


to 1/2 to 1/5 at the fifth hour, and then apparently began to rise 
again. The averages for the first eight hours were: leg nerves, 29.7 
(7 experiments); claw and leg nerves, 36.7 (6 experiments) ; 
ganglion chain, 42.7 (9 experiments). The Qco, was increased, in 
2 experiments, by the addition of glucose and also by cresyl blue, 
the nerves responding much more than the ganglia. The oxidation 
quotients for nerve were 0.42, for ganglia, 0.35; but there is no 
reason to believe these represent maxima. 

Three experiments on Limulus claw nerves gave an average Qo: 
of 82. The dry weight was 16.5% of the moist. 

The actual values of oxygen consumption are somewhat lower 
than those found by Meyerhof and Schultz for crab nerve at a 
lower temperature, and it is surprising that the ganglia, including 
many nerve cells, respire but little more than the nerve itself. The 
stimulating effect of dyes and their ability to largely offset the in- 
hibition due to cyanide is in harmony with the similar findings of 
Gerard? on the frog sciatic. (Chang and Gerard).* Attempts to 
measure the increased oxygen consumption during stimulation were 
not entirely satisfactory, and we hope to continue this work later. 


3 Chang, T. H., and Gerard, R. W., Am. J. Physiol., 1931, 97, 511. 
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Difference Between Gonad-Stimulation by Extracts of Pregnancy- 
Urine and of Pituitary Body. 


ZONJA WALLEN-LAWRENCE anv H. B. VAN DYKE. 
From the Pharmacological Laboratory, University of Chicago. 
i 

The source of the gonad-stimulating substance of pregnancy- 
urine is still undecided; the weight of evidence, however, indicates 
that it is extra-hypophyseal in origin. In studies of the compara- 
tive effects of extracts of sheep or pork pituitary bodies and of 
pregnancy-urine or oestrin-free extracts of pregnancy-urine or 
chorionepithelioma urine, it was found that the minimal effective 
doses of the urinary preparations were practically the same for both 
the male and the female. In the cases of crude or refined extracts 
of pituitary bodies, however, the minimal effective dose for the 
female was but a fraction (less than 10%) of that required for the 
male. 

Assay was performed on rats exactly 21 days old when the first 
injection was made; one injection was made daily for 4 days; 
necropsy was performed at the age of 26 days or 120 hours after 
the first injection. Assay-results were appraised by the weights of 
both ovaries or of both seminal vesicles and coagulatory glands. 
The extracts of sheep and pork pituitary bodies are described else- 
where; urinary preparations were made by repeated alcoholic 
precipitation or by Dicken’s method. Although both the pituitary 
and the urinary extracts were subjected to various treatments no 
evidence of the separation of sex-specific gonad-stimulating sub- 
stances was obtained. Our results indicate either that there are 
sex-specific gonad-stimulating principles or that the gonad-stimulat- 
ing principle of the hypophysis is different from that of pregnancy- 
urine. 

The conclusion reached is based upon assays on 352 immature 
animals (146 females; 206 males). 


1 Wallen-Lawrence, Z., and van Dyke, H. B., J. Pharm. Exp. Ther., in press. 
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Subtotal Atelectasis and Pneumectomy in Dogs. 


W. E. ADAMS. (Introduced by E. Andrews.) 
From the Department of Surgery, University of Chicago. 

Permanent closure of the bronchial stump in pneumectomy is es- 
sential to a low mortality accompanying that condition. Experi- 
mental studies by Bettman”? and ourselves* * show healing of the 
stump to be brought about by peribronchial tissue. Thus, whereas 
the removal of a lung with a generous stump left for closure is 
usually attended by success, the reverse is often true when a bare 
bronchial closure remains.* 

The instigation of the following experimental work was the find- 
ing of a safe and reliable method for closing large bronchi. This 
consisted of an application of a 35% solution of silver nitrate to 
the entire circumference of a bronchus. Complete stenosis followed 
within 2 weeks. With the bronchus stenosed, the lung became 
atelectatic and its subsequent removal could be safely and easily 
accomplished. 

The following experiments were carried out to determine the 
maximum amount of pulmonary tissue that could be collapsed or 
removed in the dog. 

In the earlier experiments each bronchus was stenosed individually 
and only one or 2 lobes were removed at a single operation. Later, 
however, the right or left primary bronchus was dealt with as a 
whole and the entire lung removed at one stage. Subsequent stenosis 
of remaining bronchi was attended with some difficulty, this in- 
creasing as more of the pulmonary tissue was collapsed. Once the 
bronchus was completely stenosed, however, its subsequent removal 
was always attended by success. 

Subtotal Atelectasis and Subtotal Pneumectomy in 6 Dogs. The 
percentages in Table I represent the value of each lobe in comparison 
to the total lung volume by weight. Those on the right represent that 
portion of the total pulmonary tissue functioning at the present 


time. 


1 Bettman, R. B., Arch. Surg., 1924, 8, 418. 

2 Bettman, R. B., et al., Surg. Gyn. and Obst., 1928, 46, 602. 

3 Adams, W. E., and Livingston, H. M., Ann. Surg., 1930, 91, 342. 

4 Adams, W. E., and Livingstone, H. M., ‘‘A Safe and Sure Method of Clos- 
ing Large Bronchi.’’ Ready for press. 

5 Robinson, S., and Sauerbruch, F., Deutsch. Z. f. Chir., 1909, 102, 543. 


958 PROCEEDINGS 


In 3 dogs, a subtotal atelectasis was produced, while in 3, lob- 
ectomy and pneumectomy were performed subsequent to collapse of 
the pulmonary tissue. No deaths occurred during the experimen- 
tation during which time 3 pneumectomies and 2 lobectomies of 2 
lobes each were carried out. Following the production of subtotal 
atelectasis, the dogs became quite dyspneic and somewhat cyanotic, 
which lasted from 1 to 4 days depending upon the amount of lung 
tissue collapsed at one time. Subsequent to this acute reaction, they 


appeared quite normal while at rest but became very dyspneic on 
slight exertion. 


TABLE I. Pulmonary Lobes. 
15% 8.7% 25% 8.3% 15% 27.9% | Lung tis- 


Dog No. Rt. Rt. Rt. Acces- Left Left sue re- 
Upper | Middle | Lower sory Upper | Lower maining 


% 
161¢ Collapse | Collapse | Collapse | Collapse | Collapse | Normal 27.9 
6-10-30 | 4-29-30 | 3-4-31 6-10-30 | 4-29-31 
6386 Collapse | Collapse | Collapse | Collapse | Collapse | Normal 27.9 
5-12-31 | 5-12-31 | 5-12-31 | 6-1-30 12-8-30 
617¢ Collapse | Collapse | Collapse | Collapse | Normal | Collapse 15.0 
10-29-30 | 10-29-30 | 10-29-30 | 10-29-30 5-11-31 
642¢ Normal | Collapse | Normal | Collapse | Collapse | Collapse 40.0 
11-26-30 10-9-30 | 6-5-30 6-5-30 
Lobect ’y Lobect’y} Pneumectomy 
4-23-31 4-23-31 7-1-30 
7956 Normal | Normal | Collapse | Collapse | Collapse | Collapse 23.7 
8-22-30 | 7-15-30 | 10-29-30 | 10-29-30 
Lobect’y| Lobect’y| Pneumectomy 
8-26-30 | 8-26-30 4-23-31 
615¢ Collapse | Collapse | Collapse | Collapse | Normal | Normal 42.9 
10-29-30 | 10-29-30 | 10-29-30 | 10-29-30 
Pneumectomy Right 2-19-31 


In contrast to this, no dyspnea was noted following lobectomy or 
pneumectomy. The animals lay quietly in their habitat and refused 
food for the first 2 or 3 days. Subsequent to this they appeared 
quite normal with the exception of experiencing a non-productive 
cough. They, too, exhibited great dyspnea on slight exertion. 
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Vascular Changes in Chronic Experimental Atelectasis. 


W. E. ADAMS. (Introduced by E. Andrews.) 
From the Department of Surgery, University of Chicago. 


Microscopic pathology of massive atelectasis in man has received 
little consideration due to its associated low mortality. Reports on 
this subject have usually been made on autopsies where death was 
due to some other cause. Bergamini and Shepard’ reported 2 cases 
of bilateral massive atelectasis causing sudden death. Microscopic 
sections of the collapsed lungs revealed cloudy swelling and indis- 
tinct outline of the cells; with a dilatation of the capillaries, arteri- 
oles and venules which were filled with blood, presenting in parts 
an angiomatous appearance. From experimental studies it has 
generally been contended that there appears to be an increased vas- 
cularity of the atelectatic tissue; that the capillaries become dilated 
and engorged with blood simulating a passive congestion of the 
lung lobe. 

Recently we have studied microscopic sections of experimental 
atelectasis at various stages of duration. Massive atelectasis was 
produced in dogs by stenosis of the bronchi with a solution of silver 
nitrate.” The dogs were sacrificed at irregular intervals ranging 
from a few days to several months. 

Atelectasis of only a few days’ duration revealed complete col- 
lapse of the alveolar spaces and smaller bronchioles with some 
swelling of the septal cells whose outlines were indistinct. There 
was an apparent increase in the vascularity of the tissue due to the 
capillary spaces being brought much closer together. These vascular 
channels appeared to be engorged with blood, giving it the appear- 
ance of a passive congestion. Anthracosis was present, scattered 
pigment appearing throughout the tissue. 

By the end of 4 months the alveolar walls were much less closely 
packed together and the intervening greatly dilated blood spaces 
more clearly outlined at this time. The blood spaces gradually be- 
come larger so that at the end of 9 and 11 months, they were found 
enormously dilated ; some being 2 or 3 times as large as an ordinary 
alveolus. Accompanying this, the alveolar septae were found fewer 
in number and widely separated, in contrast to the closely packed 


“1 Bergamini, H., and Shepard, L. A., Ann. Surg., 1927, 86, 35. 
2 Adams, W. E., and Livingstone, H. M., Ann. Surg., in press. 
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alveoli of earlier stages. The tissue in some parts took on the ap- 
pearance of a cavernous haemangioma. Red blood corpuscles found 
in these spaces appeared to be in good condition with blood pig- 
ment nowhere to be seen. 

Conclusions. In the earlier stages of atelectasis the apparent in- 
creased vascularity was partially due to collapsing of the air spaces 
thus bringing the capillary sinuses in closer proximity. The changes 
exhibited in the more chronic stages were less easily explained. The 
process was a gradual one, marked changes being present as early 
as 4 months which were found to increase with the duration of 
the disease. That the blood in the dilated spaces was in an active 
state was strongly suggested by the normality of the red blood cells 
and the lack of blood pigment. The gradual increase in the size of 
the blood sinuses was in favor of their being dilated capillary spaces 
rather than alveoli through which blood was flowing. This last 
factor is under investigation. 
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Production of Intestinal Ulcers by Active Gastric Juice.* 


WARREN B.. MATTHEWS. (Introduced by L. R. Dragstedt.) 
From the Department of Surgery, University of Chicago. 


Gastric mucosa has' a strong natural immunity against cor- 
rosion by gastric juice, and wounds made artificially in it tend to 
heal readily. Mann,”° Dragstedt and Vaughan,*? Morton,‘ and 
others have shown that when other tissues such as kidney, spleen, 
mucosas of various portions of the intestinal tract with an intact 
blood supply are implanted into defects made in the stomach wall, 
they tend to remain sound and healthy without erosion or ulcera- 
tion, even though exposed to the normal stomach contents. Mann 
and Williamson,” * after draining the duodenal juices into the 


* This work has been conducted under a grant from the Douglas Smith Foun- 
dation for Medical Research of the University of Chicago. 


1 Ivy, Arch. Int. Med., 1920, 25, 6. 

2Mann, J. Med. Res., 1917, 35, 289. 

3 Dragstedt and Vaughan, Arch. Surg., 1924, 8, 791. 
4 Morton, C. B., 1927, 85, 207. 

5 de Takats and Mann, Ann. Surg., 1927, 85, 698. 
6 Mann and Williamson, Ann. Surg., 1923, 77, 409. 
7 Mann, 8S. Clin. N. Amer., 1925, 5, 753. 
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lower ileum, anastomosed the upper jejunum to the stomach, ulcers 
formed in the jejunum. These ulcers were interpreted as due to 
the corrosive action of acid gastric contents on a sensitive intestinal 
mucosa now unprotected by the alkaline duodenal juices, plus the 
“motor drive” mechanical effect of the stomach contents being 
ejected forcibly against the spot on the intestinal wall where the 
ulcer was supposed to form. Ivy and Fauley® point out, the emacia- 
tion which most of these animals undergo must not be overlooked. 
Aschner and Karelitz® have summarized some 33 cases of ulcer of 
the ileum associated with Meckel’s diverticulum containing hetero- 
topic mucosa of gastric type. These ulcers were interpreted as due 
to gastric juice secreted by this heterotopic mucosa. 

We attempted to duplicate this situation experimentally by mak- 
ing a small pawlow pouch, and causing it to empty into an isolated 
loop of lower ileum, whose other end communicated with the lower 
ileum just above the ileocaecal valve. In this way the possibility 
of mechanical action in possible ulcer formation was avoided. The 
union of pouch with intestinal loop was made by a side-to-side 
anastomosis, using only 00 chromic catgut for suturing. Clamps 
were not used on the intestine. 

Results. 1. Except for one animal which died at 60 days of dis- 
temper, all the animals remained in apparent good health and nutri- 
tion until 2 died suddenly of peritonitis from perforation of ulcers, 
and the other 3 were sacrificed 80 days after the operation. 2. 
Ulcers formed in the ileal mucosa near or adjacent its union with 
the gastric mucosa of the pouch in all 6 dogs. The gastric mucosa 
was never involved. The ulcers were found between 30 and 80 
days. All were chronic in type, large (from 1 to 5 cm. across), 
indurated, with clean, granulating bases usually formed of con- 
nective tissue. Grossly and microscopically they appeared similar to 
so-called “peptic ulcers” in the human intestine. 


8Ivy and Fauley, Am. J. Surg., n. s., 1931, 11, 531. 
9 Aschner and Karelitz, Ann. Surg., 1930, 91, 573. 
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Certain Factors in the Preparation of Cortin.* 


F, A. HARTMAN, K. A. BROWNELL anp A. A. CROSBY. 
From the Department of Physiology, University of Buffalo. 


The potency of the extracts used in this study has been tested by 
the effect on the growth of young adrenalectomized white rats.* 
This test has been carried out immediately after adrenalectomy as 
that is the most crucial period of adrenal insufficiency. Sometimes 
when the animals have failed to grow they have been further tested 
by their resistance to cold,? comparison being made with adrenal- 
ectomized rats treated with adequate cortin. 

In an earlier work on the hormone of the adrenal cortex in which 
it was salted out with the globulins® we found that exposure of the 
precipitate to air for a few hours reduced the potency. Moreover 
heating the extract of the sodium chloride precipitate to 80°C. for 
5 min. with stirring, to cause admixture with air, destroyed the 
hormone.* From this evidence we concluded that it was necessary 
to operate in the absence of O.. Distillation of the ether at atmos- 
pheric pressure in the preparation by the ether-alcohol method* pro- 
duces a less potent extract than when the distillation is in vacuo. 
Heating the concentrated extract in an open beaker for one hour at 
80°C. without stirring does not appreciably destroy the hormone. 
The extract can be boiled for a short period (5 minutes) in the 
absence of oxygen without great loss of potency. 


* Aided by a grant from the Ella Sachs Plotz Foundation. 
1 Hartman and Thorn, Proc. Soc. Exp. Brou. AND Mzp., 1930, 28, 94. 
? Hartman, Proc. Soc. Exp. BioL. AND Mxp., 1931, 28, 702. 


8 Hartman, Brownell, Hartman, Dean and McArthur, Am. J. Physiol., 1928, 
86, 353. 


4 Hartman, Brownell and Hartman, Am. J. Physiol., 1930, 95, 670. 
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Small amounts of antioxidants, such as hydroquinone, resorcinol 
or levulose retard the loss of potency in aqueous solution. The 
hormone can be preserved in 80-95% alcohol for weeks. Cortin is 
very unstable in the presence of the fixed alkalies. It seems to be 
completely destroyed by tenth normal NaOH at 20°C. in less than 
one hour. On the other hand tenth normal NH,OH under the same 
conditions has little or no effect. Tenth normal HCl at 20°C. for 
one hour is without effect. Extraction of the dry residue with water 
for the final product must not be aided by heat nor must it proceed 
for a long period because toxic substances are absorbed. An ex- 
tract made by allowing water to stand on the residue for one hour at 
45°C. when injected into adrenalectomized animals caused inflam- 
mation and loss of weight. 

We have made extracts of whole adrenals by many different 
methods in an attempt to separate cortin from the toxic substances 
which develop in the medulla.” No method has been found which 
yields as potent an extract per unit of cortex as does the simple 
method described. Active charcoal seems to remove both cortin and 
toxic substances from an aqueous solution (pH 8-6.5). Attempts 
to elute the hormone have been partially successful. Permutit re- 
moves toxic substances and some cortin from an alcoholic solution. 
Lloyd’s reagent removes toxic substances together with some cor- 
tin from an alcoholic solution. AI(OQH;) acts in a similar fashion. 


5621 
How Intravenous Infusions Modify the Water Contents of Tissues. 


E. F, ADOLPH anp M. J. LEPORHE. 


From the Physiological Laboratory, University of Rochester School of Medicine 
and Dentistry. 


To find what factors influence the exchanges of fluid between 
‘blood and tissues, muscles and arterial blood were sampled at fre- 
quent intervals before, during, and after various acute procedures 
upon anesthetized cats and dogs. The percentage water contents 
of the muscles, and occasionally of other tissues, were determined, 
and blood concentration was measured in parallel by several 
methods. 


5 McKinley and Fisher, Am. J. Physiol., 1926, 76, 268. 
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When 50 cc. of Locke solution per kilo were infused, the muscle 
water content remained constant for a few minutes, then suddenly 
increased by 1 to 8% and promptly returned almost to normal. The 
dilution of the blood was maintained for a much longer period of 
time. The only factor measured which varied in parallel with 
muscle hydration was the mean arterial blood pressure. That blood 
pressure was more important than blood dilution in regulating the 
water content of tissues was shown by infusions of gelatin-Locke 
and of acacia-Locke solutions. In these experiments the blood dilu- 
tion persisted for at least 3 hours, while the muscle water content 
returned to normal within one hour. 

A remarkable lag occurred in the onset of tissue hydration in all 
infusion experiments. The water content of muscle began to in- 
crease only at 8 to 20 minutes after the blood dilution and the 
rise of blood pressure had been produced. The hydration reached a 
sharp peak and fell with a lag of about 10 minutes after the fall 
of blood pressure. 

After hemorrhage the muscle became dehydrated, following the 
blood pressure with the usual lag. The blood, both as a whole and 
with respect to plasma proteins, became diluted without any lag. In 
hemorrhage the composition of the blood was being varied only 
through exchanges with the tissues, and pressure changes evidently 
initiated these. 

The importance of blood pressure alone in governing the water 
content of tissues was well illustrated by experiments in which the 
dorsal aorta was partially clamped, producing low pressures in the 
hindlegs and high pressures in the viscera and foreparts. In each 
part the hydration of muscle followed closely the change of mean 
arterial pressure and returned to normal after the clamp was re- 
moved. 

The blood cannot be said to possess an excess of effective osmotic 
pressure, but all forces are in dynamic equilibrium during the main- 
tenance of normal water distribution. When the mean arterial 
pressure increases 20%, muscles gain between 1 and 2% in water 
content. ; 

It is concluded that the changes of capillary blood pressure which 
accompany sudden changes of blood volume may be more important 
than the changes of blood concentration or of colloidal osmotic pres- 
sure in controlling the initial exchanges of fluid between plasma and 
tissues. The time factor in these exchanges indicates that shifts 
occur in circulatory or other conditions such that water is succes- 
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sively translocated among various tissues. Undoubtedly changes 
of blood pressure are accompanied by modifications of blood flow 
which may induce local differences of oxygen tension and conse- 
quent changes of permeability or of hydrostatic pressures. 


New York Section. 
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The Nature of the Respiratory Supplement. 


K. SALOMON anp L. MICHAELIS. 


From the Laboratories of The Rockefeller Institute for Medical Research, 
New York. 


When the oxygen consumption of rabbit erythrocytes and that 
of saline extracts of rat livers (or various other organs), are meas- 
ured separately, and compared with what happens in a mixture of 
both, the oxygen consumption is much higher in the mixture than 
the sum of the oxygen consumptions in the 2 separate systems. This 
has been shown by the authors previously’; the effect of the liver 
extract has been confirmed by Zeile and Euler.’ 

This paper presents the attempts to elucidate the nature of this 
reaction. For brevity’s sake the active principle of the liver extract 
will be designated as the respiratory supplement. 


1. The supplement deteriorates and may even be destroyed by 
various mechanical treatments of the liver extract. Extended shak- 
ing, in presence or in absence of oxygen damages the supplement. 
When the extract is centrifuged the supplement activity both of 
the sediment and of the supernatant fluid is diminished and by 
mixing the 2 fractions is not restored to its original strength. 


2. Several attempts were made to isolate the supplement by 
adsorption. Sand, Kaolin, Kieselgur adsorb the supplement to only 
a small extent, according to the amount applied, but never com- 
pletely. Colloidal iron hydroxyd adsorbed the supplement com- 
pletely in several experiments, in which the adsorbent was used in 
an amount sufficient to remove the proteins. Colloidal aluminum 
hydroxyd removed it completely when applied in so small an amount 
as to remove only a small part of the proteins. No attempt to re- 


1 Michaelis, L., and Salomon, K., J. Gen. Physiol., 1930, 13, 683. 
? Zeile, K., and v. Euler, H., Hoppe-Seyler’s Z. f. physiol. Chem., 1931, 195, 35. 
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cover the supplement by elution with N/20 ammonia was successful. 


3. Heating to 56° diminishes the supplement considerably 
though there is no critical temperature for this effect. The inacti- 
vation by heat seems to run parallel to the formation of a coarse 
turbidity or flocculation in the previously slight and homogeneous 


extract. Freezing did not impair the effect of the supplement at 
all. 


4. The liver extract does not seem to be able to convert hemo- 


globin to methemoglobin, at least not to a degree detectable with 
certainty. 


5. The supplementary effect of methylene blue (instead of liver 
extract) first observed by Harrop* and Barron* and investigated 
subsequently by Barron,” O. Warburg® and Wendel’ is manifested 
only when the erythrocytes are intact and vanishes in experiments 
with hemolyzed erythrocytes. This is sometimes the case with 
liver supplement also as described in our previous paper. However, 
this phenomenon is not as regular with the liver supplement as with 
methylene blue. Sometimes the previous laking of the erythrocytes 
by repeated freezing and thawing, which destroys the effect of 
methylene blue, has only a slight damaging effect upon the action 
of the liver supplement. 


It is, therefore, evident that the supplement is not simply com- 
parable in nature and action with methylene blue. It has some 
intrinsic connection with what we may call the colloidal state, or a 
remainder of some kind of “structure’’, in the liver extract. 

Press juice of liver obtained with Kleinmann’s hydraulic micro- 
press and diluted to a volume comparable to that of the usual ex- 
tract, acts like the extract. 

It is noteworthy, furthermore, that the sum of the oxygen con- 
sumption of the separated systems (the liver extract and the blood 
corpuscles) has no noticeable correlation with the oxygen con- 
sumption of the mixture. It may happen that the oxygen con- 
sumption of each of the components is negligibly small and the oxy- 
gen consumption in the mixture is very large. 

The reproducibility of the original experiment with liver extract 
and intact erythrocytes, such as described in the previous paper 


3 Harrop, G. A., and Barron, E. 8. G., J. Exp. Med., 1928, 48, 207. 

4 Barron, E. 8. G., and Harrop, G. A., J. Biol. Chem., 1928, 79, 65. 

5 Barron, E. S., J. Biol. Chem., 1929, 81, 445. 

8 Warburg, O., Kubowitz, F., and Christian, W., Biochem. Z., 1930, 227, 245. 
7 Wendel, W. B., Proc. Soc. Exp. Bion. AND Mup., 1931, 28, 401. 
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turned out to be very good. Out of about 75 independent experi- 
ments there were only 3 in which the oxygen consumption of the 
mixture was not at least 3 times that of the isolated components ; 
often it was 10 times that. 
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The Enterogastric Reflex. 


J. EARL THOMAS anp C, J. MOGAN. 
From the Department of Physiology, Jefferson Medical College, Philadelphia. 


Numerous investigators have reported a delay in gastric evacua- 
tion as a result of placing acid, fat, gastric juice, etc., in the duode- 
num or other parts of the small intestine. The effect has generally 
been attributed to a reflex (the “Hirsch v. Mering reflex”) causing 
tonic contraction of the pyloric sphincter. However, two studies 
record inhibition of contractions of the pars pylorica following the 
introduction of acid’ or fat? into the duodenum. Apparently both 
investigations were made upon the empty stomach, though Edel- 
mann® observed inhibition of gastric contractions during secretion 
of gastric juice. There are no data in either report to prove that the 
phenomenon occurs in the full stomach or has any bearing on the 
mechanism of gastric evacuation. 

We studied the effect of placing various substances in the duo- 
denum while recording graphically the tone changes in the pyloric 
sphincter by means of the pressure tonometer,® and the contractions 
of the pars pylorica by means of a balloon placed in the pyloric 
canal. Observations were made before, during and after feeding. 
A balloon in the pyloric canal of the empty stomach registers con- 
tractions which are indistinguishable graphically from digestive 
peristalsis and are probably aroused by the presence of the balloon. 
We do not consider them hunger contractions. Dogs were used, 
some narcotized, others without anesthesia or narcosis. The latter 
were provided with gastric and duodenal fistulas fitted with cannulas. 

HCl N/10 in the duodenum, inhibits the contractions of the pars 
pylorica in both the full and empty stomach. In the former the 

1 Kirschner, M., and Mangold, E., Mitteil. a. d. Grenzgeb. d. Med. u. Chirur., 
1911, 28, 446. 


2 Hdelmann, J., Jahresbericht f. Tier-Chemie (Malys Jahresb.), 1906, 36, 414. 
3 Thomas, J. Earl, Am. J. Physiol., 1929, 88, 498. 
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typical effect is decrease in force rather than cessation of contrac- 
tions. The pyloric sphincter, after a momentary increase in tonus, 
is likewise relaxed and its rhythmic contractions are inhibited, 
roughly in proportion to the similar effect on the pars pylorica. 
The effect on both the sphincter and pars pylorica is more pro- 
nounced when the stomach is empty and is obtained with smaller 
amounts of acid. In conscious animals with a full stomach the 
threshold for the inhibitory effect on the stomach is lower than for 
the primary contraction of the sphincter. In such cases the primary 
contraction of the sphincter is frequently not observed. With mini- 
mal stimuli such as might be expected to occur normally, probably 
only the gastric contractions are affected. Similar results were 
obtained using as stimuli gastric contents following a meal of 
bread with milk or water, hypertonic salt solution, acid sodium 
phosphate solution, and olive oil. Considerable distention of the 
duodenum with tap water or isotonic salt solution has a similar, 
though weaker effect. 

The relaxation of the sphincter is slight and probably of little 
consequence, nevertheless it is interesting in view of the fact that 
contraction has usually been assumed to result from such stimuli as 
we used. It would appear that the physiologically significant effects 
of such stimuli are on the force of the gastric peristaltic contrac- 
tions. 

The nervous mechanism of the reflex was studied in dogs nar- 
cotized with morphin following ether anesthesia. HCl N/5 was 
used as a stimulus. The reflex is readily obtained after section of 
the splanchnics and after tightly ligating the pylorus over a metal 
plug in the lumen. It was not observed after section of the vagi in 
the neck. Evidently the inhibitory reflex is mediated by the vagi. 
We propose to call this the enterogastric reflex. There appears to 
us to be a rather close analogy between this reflex and the depressor 
reflex of the heart. 

Apparently the same mechanism is involved in the inhibition of 
hunger contractions by stimuli applied to the intestinal mucosa.® * 


4 Boldireff, W. N., Zentralbl. f. Physiol., 1904, 18, 489. 
5 Brunheimer, E. H., and Carlson, A. J., Am. J. Physiol., 1914, 36, 191. 
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5624 
Effect of Heat on Mold Spores. 


G. I. WALLACE anp F. W. TANNER. 


From the Department of Bacteriology, University of Illinois, Urbana. 


Because of their wide distribution and ease of dissemination, 
molds always present a problem in the preparation of foodstuffs that 
are not to be consumed immediately. The changes produced in 
foods by molds are in general very undesirable. As heat is the 
most common way of preserving foods, it was thought desirable 
to know something about the thermal death times of molds. Thom 
and Avery’ found that Rhizopus nigricans and O1dium lactis were 
killed in pasteurized milk at 54.5°C. (130.1°F.) in 30 minutes, but 
that most strains of. Aspergillus and Penicillium resisted this tem- 
perature and were killed at 60°C. (140°F.) for 30 minutes. 

Since 30 minutes is the customary pasteurization time, and since 
this experiment was carried out mainly to study the effect of pas- 
teurization, no tests were made at intervals more frequent than 30 
minutes. Streider and McClellan’ studied the thermal relations of 
molds in bread. They submerged flasks containing mold suspen- 
sions in a water bath at 20°C. (68°F.). The temperature was 
slowly raised to 100°C. (212°F.) so that the elapsed time was 35 
minutes. This was done to simulate the temperature obtained when 
baking bread in the ovens. No molds survived. Loaves of bread 
that had been exposed to molds were heated to 110°C. (230°F.) at 
15 pounds pressure, for 30 seconds, and exposed to live steam for 
4 minutes. In the first case, Rhizopus and Aspergillus species sur- 
vived, while in the latter, Aspergillus species only survived. Com- 
plete destruction of the mold was almost attained, as there were very 
few mold colonies on the plates made from this last experiment. 
Using the same procedure, loaves were then exposed to dry heat at 
120°C, (248°F.) for 10 minutes. Both Aspergillus and Penicillium 
species withstood this exposure, although most of the cells were 
destroyed. 

Molds in meat have also been studied. Roderick® found that 
all molds were killed in frankfurters when they were heated in water 
at 60°C. (140°F.) for 10 minutes. Lewis and _ Yesair,* 

1 Thom, C., and Ayers, S. H., J. Ag. Res., 1916, 6, 153. 

2Streider, J. W., and McClellan, R. N., Baking Tech., 1922, 1, 230, 282. 

3 Roderick, L. M., 1926. Quoted from Lewis and Yesair. 


4 Lewis, W. L., and Yesair, J., Bull. published by Institute of American Meat 
Packers, 1928. 
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uusine temperatures jot 50°C, WC 122°R.), 55°C. (131°R.), and 
60°C. (140°F.), exposed pure cultures of molds for periods of 
time ranging from 5 minutes to one hour. At 50°C. (122°F.) all 
molds studied except 2 Aspergillus species, Rhizopus nigricans and 
Fusarium, survived the one hour exposure. Of the latter group 
they were destroyed in 30, 25, 15 and 5 minutes respectively. When 
the temperature was raised to 55°C. (131°F.), only Monilia sito- 
phila survived the hour exposure. Mucor racemosus was destroyed 
in 25 minutes, Aspergillus niger in 20 minutes, Penicillium expansum 
in 15 minutes and Alternaria tenius and 2 other Aspergillus species 
in 5 minutes. None of the organisms survived 60°C. (140°F.) 
for 5 minutes. 

In the following study, mold spores from pure cultures were 
suspended in 1, 3 and 6% salt solutions; 10, 25 and 50% sugar 
solutions ; juice from pitted red cherries in syrup, and distilled water. 
Rhizopus mgricans, Mucor mirus, Aspergillus niger, Oidium lactis 
and Alternari solani were the molds studied. DeKotinsky tubes were 
filled and sealed in the flame, containing 2 cc. of the mold suspen- 
sions. These sealed tubes were submerged in water baths at tem- 
peratures of 505C;,(122281),.55°GC., (131°. )pand 60°C.(140°F.); 
At 5 minute intervals, a tube of each mold was taken out and sub- 
merged in cold water. As soon as cooling was assured, the tubes 
were wiped with disinfectant, broken and 1 cc. of the contents added 
to a sterile petri dish for culture. 

With Rhizopus nigricans the salt solution, cherry juice and dis- 
tilled water suspensions all acted in a similar way. At 50°C. the or- 
ganisms were completely destroyed within 20 minutes, and at 55°C. 
within 10 minutes. In the sugar solution suspensions it took 30 min- 
utes at both 50°C. and 55°C. to completely destroy the cells. The per- 
centage of sugar apparently did not influence the death rate, as the 
action in all 3 solutions was practically the same. Results of the 
study of Aspergillus niger were very much like those obtained from 
Rhizopus nigricans, except that a slightly higher temperature was 
necessary. In the salt solution suspensions it took 30 minutes at 
55°C. (131°F.). With Alternaria solani and Mucor mirus the 
results showed about the same thermal death times as those obtained 
with Rhizopus nigricans and Aspergillus niger, except that the salt 
solution suspensions were the hardest to destroy. Here the salt 
solution suspensions resisted 50°C. for 30 minutes, but were killed 
within 10 minutes at 55°C. and the sugar solution suspensions were 
destroyed within 25 minutes at 50°C. and 5 and 10 minutes at 55°C. 
In the Trichothecium species there was no practical difference be- 
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tween the salt and sugar solution suspensions. It was destroyed 
within 30 minutes at 50°C. and 5 minutes at 55°C. Oidiwm lactis 
resisted 60°C. for 30 minutes in all suspensions. 

In general, these results agree with those of previous investiga- 
tors, that, although species of molds vary slightly in their thermal 
death times, a temperature of 60°C. for 5 minutes is usually suff- 
cient to assure complete destruction. Exceptions were observed in 
Aspergillus niger and Oidium lactis. Aspergillus mger resisted 
60°C. (140°F.) for 10 minutes in some cases, and Oidiwm lactis 
survived after 30 minutes exposure. From the data it seems that the 
molds studied react differently towards sugar and salt. In some 
cases, the sugar protected the organisms more than the salt did, e. g., 
Aspergillus niger and Rhizopus nigricans; and in the others, the 
salt protected more than the sugar did, e. g., Mucor mirus and 
Alternaria solani. Trichothecium species acted practically the same 
way in both salt and sugar solution suspensions. As a general rule, 
the suspensions in distilled water and cherry juice acted very much 
like those in salt solution. From the former observation, one might 
conclude that the salt itself was neither harmful nor beneficial to 
the molds, and consequently, that the sugar exerted a protective 
action in some cases or a destructive one in others, depending on 
the nature of the mold. According to Rahn’ the effect of sugar is 
protective, the sugar causes a dehydration of the organism, making 
it more resistant. However, the heat penetration studies of Bige- 
low® lead one to believe that heat penetration might play an im- 
portant part in this protective action of sugars. The fact that there 
was no difference between the different sugar solutions, however, 
presents an argument against this explanation. 


5625 
The Action of Carbon Filters. 


8S. P. KRAMER. (Introduced by J. H. Northrop.) 


If one filters 100 cc. of a 1% solution of bichloride of mercury 
through a filter made of 5 gm. of finely divided activated carbon 
there is no mercury in the filtrate. If one filters through such a filter 

5 Rahn, O., Canning Age, August, 1928, 705. 

6 Bigelow, W. D., et al., Bull. 16 L, Research Lab. Nat. Canners Assn., 1920. 
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100 ce. of a 1% solution of ferric chloride there is no ferric chlo- 
ride in the filtrate but 92.5% of the iron is in the filtrate in the form 
of ferrous chloride. The carbon in both cases has reduced the 
perchlorides ; in the case of mercury the mercurous chloride is insol- 
uble and remains in the filter carbon; in the case of iron the fer- 
rous chloride is soluble and passes through the filter. 

Solutions of the toxins of the tetanus, diphtheria and Botulinus 
bacilli respectively were filtered through carbon and in each case the 
filtrate, when injected into guinea pigs in doses corresponding to 
5000 M.L.D. were found to be innocuous. In each case some of the 
carbon through which the toxins had been passed was injected into 
guinea pigs. 

In the case of the diphtheria toxin-carbon the animal showed no 
symptoms. In the case of the tetanus and botulinus toxin the ani- 
mals died with the lesions and symptoms characteristic of the re- 
spective toxin. 

The tetanus and botulinus toxins are formed under anaerobic 
conditions and are “immune” to reduction; they are adsorbed by 
the carbon but not destroyed by its reducing action. 

The diphtheria toxin is formed under aerobic conditions and is 
both adsorbed and rendered innocuous or destroyed by the reducing 
action of the carbon. 

If 50 cc. of a %% solution of strychnine sulphate is filtered 
through such a carbon filter the filtrate is free of strychnine to the 
taste and gives no test for alkaloid, nor does it affect the frog. 

The same thing is true of the carbon through which it has passed. 
One can get no taste, and when injected into the frog in amounts 
corresponding to a hundred fatal doses, no reaction takes place. 
Strychnine cannot be recovered from the carbon by acids, alcohol, 
nor any other solvent. 

These filters are made by placing 5 gm. of carbo-raffin, dry, in a 
glass tube 34 of an inch in diameter; one end of the tube contains 
a perforated stopper carrying a glass tube and on the orifice of the 
tube is a layer of cotton to retain the carbon. The carbon is com- 
pressed while still dry by means of the vacuum pump. Filtration is 
carried on under 750 mm. pressure. 

Since this work has been done I*have seen the note by Saunders, 
Schochet and Lackner? that strychnine, brucine, adrenalin, tyramine, 
and histamine were inactivated by carbo-raffin. 


1 Saunders, Schochet and Lackner, Proc. Soc. Exp. Biol. AND Mep., 1931, 28, 
564. 
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Development of the Meninges in the Chick. 


S. C. HARVEY, H. S. BURR anp E, VAN OCAMPENHOUT. 


From the Departments of Surgery and Anatomy, Yale University School of 
Medicine. 


Harvey and Burr’ * have presented evidence that in the salaman- 
der, the neural crest was a necessary requisite for the formation of 
the leptomeninx. We have continued the study by means of chorio- 
allantoic grafts in the chick. Two series of operations were per- 
formed by Dr. Van Campenhout. In the first, the prosencephalon 
of 50-hour chicks was transplanted adjacent to an allantoic vessel 
of a 9-day host and allowed to develop from 7 to 9 days. In the 
second, an entire segment of the thorax or abdomen from a 50- to 
98-hour chick was transplanted on the chorio-allantoic membrane of 
9-day hosts. These also were permitted to develop for a period of 
approximately 9 days. Our knowledge of the distribution of the 
neural crest cells indicates that at the time of operation ho such 
cells have as yet reached the region of the forebrain. It could then 
be transplanted devoid of neural crest investiture. On the other 
hand, during the period immediately following the 50-hour incu- 
bation period, the neural crest has begun its migration about the 
spinal cord in the thoracic and abdominal segments. Thus we have 
the nervous system transplanted without neural crest in the first 
series and with neural crest in the second. Since all the other con- 
ditions were as nearly constant as possible any difference in the 
structure of the meninges could be attributed to the presence or 
absence of the neural crest. 

The material from the above experimental procedure was pre- 
pared for microscopic study using chiefly the Masson stain. A criti- 
cal examination shows that there is a marked difference in the mem- 
branous investment of the nervous system in the 2 series. In series 
one, without neural crest, the nervous system is surrounded by a 
series of fibrous laminae of obvious mesenchymal origin. These 
laminae are in direct contact with the external limiting membrane of 
the forebrain. All the cellular elements lie outside the connective 
tissue fibrils. The blood vessels lying adjacent to the nervous sys- 
tem also lie outside this primitive membrane. When blood vessels 
penetrate the neural wall the connective tissue fibrils tend to pene- 


1 Harvey, S. C., and Burr, H. S., Proc. Soc. Exp. Brou. AND MED., 1924, 22, 52. 
* Harvey, 8. C., and Burr, H. S., Arch. Neur. and Psych., 1926, 15, 545. 
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trate beneath the limiting membrane for a short distance. No evi- 
dences of fluid spaces could be found about the nervous system. 
The ventricles were closed systems filled with blood cells and detri- 
tus. Asa result of this series of transplantations a portion of the 
nervous system is more or less completely surrounded by a conden- 
sation of mesenchyme which has many of the characteristics of a 
primitive dura. 

When, on the other hand, a portion of the nervous system was 
transplanted together with the neural crest, the relations are quite 
different. The same condensation of mesenchyme and the beginning 
of a fibrous sheet occurs as in the first series of transplanted ma- 
terial. But, between the mesodermal sheet and the nervous system, 
there can now be seen a single or double layer of cells with oval 
nuclei and scanty cytoplasm tangentially arranged. These occupy 
the space between the outer mesenchyme and the external limiting 
membrane of the spinal cord. Through the same region runs a 
vascular network, branches of which enter the nervous system ac- 
companied by cellular elements. No fluid spaces could be identified 
with any certainty. It seems reasonable to conclude that the neural 
crest contributes very largely, if not entirely, to the formation of a 
thin investing membrane between the mesenchyme and the nervous 
system. Since blood vessels are included in it and since it lies be- 
tween a relatively thick membranous sheet and the nervous system, it 
may be assumed to be a leptomeninx. This does not mean that 
mesenchymal elements are excluded from participation in the for- 
mation of the pia-arachnoid. It does indicate quite clearly, that in 
the absence of neural crest the pia-arachnoid fails to develop. Fur- 
ther experiments to determine the relative proportion of the neural 
crest and mesenchyme in the leptomeninx are in progress. 

Flexner® made parallel experiments on Amblystoma and follow- 
ing Weed,* concluded that the presence or absence of neural crest 
produced no difference in the meningeal surroundings of the neural 
tube and that any difference which might result was due to the 
presence or absence of cerebral spinal fluid surrounding the nervous 
system. It is no part of our hypothesis that the cerebrospinal 
fluid is an unimportant factor in the differentiation of the meninges. 
Weed and his associates indicated quite clearly that the effusion of 
cerebrospinal fluid into the immediate surroundings of the ner- 


3 Flexner, L. B., Contributions to Embryology, 1929, No. 110, Carnegie Inst., 
Wash., Pub. 394. 

4 Weed, L. H., Contributions to Embryology, 1917, No. 14, Carnegie Inst., 
Wash., Pub. 225. 
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vous system is responsible for the delaminations occurring in the 
meninges. We may accept that as an established fact. But that 
fact does not preclude the possibility that the material which de- 
laminates as a result of the activities of the cerebrospinal fluid is 
derived from other sources than mesenchyme. On the contrary, 
the experiments we have presented indicate that the neural crest 
and the mesenchyme aided by the presence of the cerebrospinal 
fluid form the investing membranes of the central nervous system. 


5627 
Action of Ilex Opaca on the Heart. 


RUSSELL A. WAUD. 


From the Department of Pharmacology, University of Western Ontario Medical 
School, London, Canada. 


Ilex opaca or American holly is an evergreen tree growing 
throughout the Atlantic section of the United States. The leaves 
and fruit are the parts of the plant that have been used in medicine; 
in domestic practice alterative properties have been assigned to it 
and by eclectic practitioners it has been used as an anti-intermit- 
tent, febrifuge, tonic and diaphoretic. The “Black Drink” by which 
the Indians “cleansed” themselves by drinking sufficient to cause 
vomiting was an aqueous extract prepared from the leaves of the 
holly. The dried leaves of certain species of ilex are used by the 
inhabitants of Paraguay to prepare a stimulating beverage. 

The present experiments were undertaken to determine the effects 
of extracts of the above fruit on the amphibian heart. Male frogs 
(Rana pipiens) were used. A cannula was tied in the inferior vena 
cava and the heart arranged for perfusion by the Symes’ method, 
with Ringer’s solution in one bottle and Ringer’s solution plus the 
drug in the other. The movements of the lever were recorded on a 
smoked drum. The extract was prepared by macerating the dried 
fruit in number 20 powder with 70% alcohol for 4 days and filter- 
ing. When required for use the alcohol was evaporated off and the 
thick syrupy remains added to frog Ringer’s solution. 

Perfusion in a proportion of one part of the crude drug in 750 
parts of Ringer’s solution resulted in an increase in the amplitude 
of the beat. Although the diastole of the heart was increased to 
some extent the main effect was a more complete shortening of the 


oS 
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muscle. After allowing the heart to return to normal by perfusing 
with Ringer’s solution only, the above effects of the drug could be 
demonstrated as often as desired. This increase in amplitude was 
accompanied by either a slight decrease or no change in the rate. 
When the concentration of the drug was increased to one in 300 
there was a marked decrease in the relaxation of the ventricle and 
in a short time the heart was arrested in systole; there was also a 
decrease in the number of impulses sent out by the sinus so that the 
heart was slowed. 

Pancoast* found the fruit of /lex opaca to contain tannin, pectin, 
albumin and 2 crystalline principles and organic salts of potassium 
calcium and magnesium. Venable’ extracted from the leaves of the 
Yopon (Jlex cassene, Linn.) a white crystalline substance which he 
believed to be caffeine. In some respects the tracings made in this 
work resemble those obtained by Heathcote® and by Roth* on per- 
fusion of the frog’s heart with the zanthine compounds. However, 
on close examination there are certain features such as the systolic 
standstill which suggest a digitalis-like action. 

An attempt to isolate the principle responsible for the charac- 
teristic effects and a more extensive investigation of the pharma- 
cological action of the drug is now being carried out. 


5628 


Effect of Corpus Luteum Extracts in Suppressing Ovarian Activity 
in the Rat. 


HOWARD T. GRABER anp RUSSELL A. COWLES. 
(Introduced by H. B. Lewis.) 


From the Research Laboratories of the Digestwe Ferments Company, 
Detroit, Mich. 


Recent studies in this laboratory have confirmed the results of 
Payne, Peenan and Cortland,’ Haterius and Pfiffner,” and Macht, 
Stickels and co-workers® on the inhibition of normal ovarian ac- 
tivity by preparations of the corpus luteum. 


1 Pancoast, D. P., Am. J. Pharm., 1856, 28, 314. 

2 Venable, E. P., Am. J. Pharm., 1885, 57, 390. 

8 Heathcote, R., J. Pharmacol. Exp. Therap., 1920, 16, 327. 

4 Roth, G. B., J. Pharmacol. Exp. Therap., 1927, 80, 321. 

1 Payne, Peenan and Cortland, Am. J. Phys., 1928, 98, 243. 

2 Haterius, H. O., and Pfiffner, J. J., Proc. Soc. Exp. BIOL. AND Mep., 1929, 
26, 818. 

3 Macht, D. I., and Stickels, A. E., Am. J. Phys., 1929, 88, 65. 
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The experiments herein reported were carried out on our labora- 
tory strain of albino rats. The general plan was to take a series 
of mature animals and follow the oestrus cycle for a period of time 
to be certain that all animals were normal. The animals were then 
to be treated with corpus luteum extracts to determine any effect 
on the length of the cycle. In certain cases control extracts, pre- 
pared from the anterior lobe and thymus and containing approxi- 
mately the same total solids, were also used. 

Due to the well known fact that the length of the cycle is pro- 
foundly influenced by the general health and environment of the 
animal, all precautions were taken to keep the animals under uni- 
form conditions during the course of the experiment. In each ex- 
periment a number of rats were used to determine the control 
cycles, but usually only about 50% of these showed a regular cycle 
and could be used in the experiment. 

The corpus luteum extracts, as well as the control extracts of 
anterior pituitary and thymus, were prepared by acid alcohol ex- 
traction of either fresh glands or carefully desiccated glands with 
the subsequent conversion of the active material into an aqueous 
solution. No difference was noticed between the fresh glands and 
desiccated glands as the source of active material. All injections 
consisted of 1 cc. of sterile solution and were given intramuscularly. 

The rats used in these experiments were from 3 to 4 months old 
and weighed from 150 to 175 gm. We found that in rats weighing 
much less than 125 gm. the cycles were too irregular to be used 
for this work. During the course of the experiment the animals, 
with very few exceptions, gained from 2 to 5 gm. in weight each 
week. This fact, along with the general physical appearance of the 
animals seemed to indicate no deleterious effect from the extracts. 


TABLE I.—Results. 


Exp. No. of 1 ee. Fresh No. Con- Aver. No. Treat- Aver. 


Rats Gland trol Cycles|Cycle Days| ed Cycles} Cycle Days 
I 8 Corpus Luteum 34 4.7 27 8.2 
6% gm. 
II 4 Anterior Lobe 13 4.8 12 5.2 
4 gm. 
III 6 Corpus Luteum 20 4.4 14 8.2 
54% gm. 
IV 5 Thymus Solu- 17 4.4 19 4.2 
tion, 544 gm. 


The results appearing in our first experiments seemed very con- 
clusive since the control cycles were very uniform (over 90% being 
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either 4 or 5 days), whereas the treated animals showed a marked 
reaction to the extract and showed cycles ranging as high as 13 days 
in length. In sharp contrast, the solutions prepared from anterior 
lobe and thymus and containing approximately the same total solids 
were apparently without effect on the normal cycle. On a repeti- 
tion of the first experiments, using a more dilute extract of corpus 
luteum, essentially the same result was obtained. 

Since all extracts contained approximately the same total solids 
and very little protein, it seems that the corpus luteum extracts did 
contain some factor which acted directly in inhibiting ovarian activ- 
ity and the effect was not merely due to an impairment of the gen- 
eral bodily metabolism. 


5629 
A Conditioned Emetic Reflex in the Pigeon. 


OSCAR RIDDLE anp FRANCES H. BURNS. 


From Carnegie Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor, N. Y. 


In 1912 one of us administered a series of daily doses of yohim- 
bine hydrochloride to several pairs of pigeons and doves which 
were kept in quite large cages. It was our custom to walk into a 
cage, catch the pair of birds, and then place the dry pellets of the 
drug into the upper throat with long, curve-tipped artery forceps. 
These pellets were readily swallowed but, unless restrained, many 
of the birds almost immediately regurgitated part or all of the con- 
tents of their crops. Several days after beginning this treatment 
it was observed that some of these birds began to vomit as soon as 
the person administering the drug entered their cage for this pur- 
pose—and before the bird was caught for dosage. Not all of this 
group of birds were seen to give this response, and complete records 
of the behavior were not obtained; those tests were made for a 
wholly different purpose and were not favorable to a study of the 
conditioned reflex. Recently we have repeated these tests on ma- 
ture and immature ring doves, definitely attempting to provide equal 
externals and stimuli to the several birds, and also making complete 
records concerning the time and degree of exhibition of both the 
normal and the conditioned reflex in each of the birds tested. It is 
the purpose of this paper to report, without further analysis, the 
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data thus obtained in this recent study. The classical studies of 
Pavlov, Thorndike? and others, have provided a large body of 
knowledge within which the present item may have a value suffi- 
cient to make it worthy of record. 

Emesis serves in both mature and immature doves and pigeons 
not only to rid the food-crop of objectionable material but it is also 
employed by the mature birds as the normal method of feeding 
their young. Moreover, males often combine a light regurgitation 
with the “billing” which immediately precedes copulation with their 
mates. In these particular animals emesis therefore involves motor 
responses which are easily induced, and which (at least in adults) 
are apparently induced by quite dissimilar stimuli. Hanzlik* has 
shown that pigeon-emesis may be used for estimating the potency 
of intravenously injected digitalis preparations. 

Yohimbine has a bitter taste to humans; this, and also the sharp- 
ness or angularity of the tablet fragments used (a 5-grain tablet 
cut into 4 parts), may have contributed to the bird’s employment 
of vomiting movements against its presence in throat or crop. 
Yohimbine may have produced nausea, though in no case was the 
first or second dose regurgitated during the 10 to 15 minutes of 
observation which followed its administration. It was almost 
certainly responsible for a watery diarrhea which plainly developed 
in several birds. This diarrhea and the undernourishment incident 
to the repeated regurgitation of food prevent a prolonged study of 
this reflex in normal animals. 

The 12 quite tame doves used in our recent tests were placed in 
pairs in large cages which were entered through man-sized doors. 
For some days preceding the tests the person who was to adminis- 
ter the yohimbine did not enter these cages; during the tests he en- 
tered the cages only to administer the drug. While entering the 
cage the white pill-box was always held plainly in sight and its con- 
tents were rather noisily rattled. 

One of the 6 mature birds vomited as we entered the door to give 
it its fourth dosage—thus it showed the conditioned emetic reflex 
after only 3 doses; another bird was thus conditioned by 5 doses; 
2 by 6 doses; one by 13 doses; and one was not conditioned by the 
total of 14 doses. The 2 last-named very stubborn cases were 
given double the usual dose (114 grain) after the 8th day. Of the 
6 immature doves, one showed similar emesis—or perhaps only 

1 Pavlov, I. P., Lectures on Conditioned Reflexes, New York, 1998... 


2 Thorndike, E. L., Animal Intelligence, New York, 1898. 
8 Hanzlik, P. J., J. Pharm. and Exp. Ther., 1928, 35, 383. 
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partially successful vomiting movements—after 6 doses; four after 
7 doses; and one after 8 doses. 

After its development, or first exhibition, the conditioned reflex 
was not invariably obtained on succeeding days from all of the 
birds. In one mature bird it was invariable during the 11 tests. In 
the mature birds which developed the reflex it was thus present in - 
639% of the later tests. On several days the immature birds were 
dosed twice daily ; and the 16th to 20th doses (for 3 birds continued 
beyond the 15th dose) were of double strength. During this latter 
period only one bird continued to show the reflex before feeding, 
and only in a few cases was the normal reflex observed after feed- 
ing. Omitting this exceptional period of heavy feeding and unusual 
response, 4 of the immature birds showed the conditioned reflex to 
the following extent; in 8 of 9 tests; in 8 of 8 tests; in 2 of 8 tests; 
and again in 2 of 8 tests. One bird sickened early, showed the reflex 
once, and died 4 days later; another exhibited the conditioned reflex 
on the 8th day and failed to do so on 8 days thereafter. 

Summary. A conditioned emetic reflex was usually, but not al- 
ways, obtained in mature and immature doves and pigeons after 
3 to 8 oral administrations of yohimbine hydrochloride. Individ- 
uals vary greatly in their normal emetic response to this drug, in 
their development of the conditioned emetic reflex, and in the con- 
stancy of its exhibition after it is developed. Though emesis is 
utilized normally to a far greater extent in mature than in immature 
birds our tests do not show that the conditioned emetic reflex is 
obtained in one age-group more readily than in the other. 
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Serological Tests With the Blood of Cavia porcellus and 
Cavia rufescens. 


K. LANDSTEINER. 


From the Laboratories of the Rockefeller Institute for Medical Research, 
New York City. 


In order to gain further information on the inheritance of sero- 
logical characters in the hybridization of species,’ an attempt has 
been made to find an instance of fertile species hybrids where a 
serological differentiation of the parent types would be possible. A 


1 Landsteiner, K., and Van der Scheer, J., J. Immunol., 1924, 9, 213, 221. 
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material answering these requirements consists of the two sorts of 
cavies mentioned in the title, the cross of which has been studied 
extensively by Detlefsen.? As established by this author, the Fi 
females are fertile when mated with either of the parent species. 

When the blood and serum of the two species were allowed to in- 
teract, no hemagglutination or hemolysis took place. It was not diffi- 
cult, however, to obtain hemolytic sera by several intraperitoneal 
injections of 0.5 cc. washed blood of the wild Brazilian guinea pig 
into the common domestic guinea pig. An experiment with one of 
the most active immune sera gave the following results: 


TABLE I. 
2 drops immune serum, 1 drop 244% suspension of washed blood; tests kept 
at 37°. 


Blood of | Reading 

after 

10 common guinea! 0 0 0 0 0 OE ew 0 0 0} 5 min 
pigs 0 0 0 0 0 OF tadir0 0 QO) eee? 
5 hybrids w ow st ow c 5 min 
st st ae st © ihr: 

10 wild Brazilianjlac c¢ ae ae ce eC c © |’ ac. ‘eh-'5 min. 
guinea, pigs e ¢ e ec e ¢ e e e Clplghrs 


w=—weak; d—distinct; st=strong; a.c—almost complete; c=complete hemolysis. 


In all, 20 Brazilian and 23 common guinea pigs were examined. 
Whereas the cells of all the former reacted positively with varying 
intensities, the blood of only one common guinea pig gave a dis- 
tinctly positive reaction, although to a considerably lesser degree 
than any individual of the other species. The bloods of 6 hy- 
brids (¢ Cavia rufescens X 2 Cavia porcellus) showed positive 
reactions, but with one exception these were weaker than those 
obtained with the wild type. 

On inactivating the sera, similar differences were demonstrable 
by hemagglutination. 

It is proposed to extend these studies to further generations and 
to search for other reactions differentiating not only the blood cells 
but, if possible, also the proteins of the two kinds of animals. 


2 Carnegie Institution of Washington, Publication No. 205, 1914. 
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Observations on Serological Reactions with Albumose Preparations. 


K. LANDSTEINER anp J. VAN DER SCHEER. 


From the Laboratories of the Rockefeller Institute for Medical Research, 
New York. 


In continuation of the experiments briefly reported in this jour- 
nal,’ the following observations were made. 

Immune sera prepared with azoheteroalbumose or azoprotoalbu- 
mose did not distinguish between the azocompounds of heteroal- 
bumose and protoalbumose of the same origin. There was a dis- 
tinct specificity, however, with some immune sera in tests with 
azoalbumoses derived from different material such as horse serum, 
eggwhite or Witte peptone. The reactions just mentioned were 
inhibited by azoalbumoses, particularly those of the same origin as 
the material used for immunization. 

Since in most of the experiments described, crude preparations 
were used, the question arises whether the precipitin reactions with 
the azoalbumose preparations are due to the albumoses themselves 
or to the presence of other substances, such as metaprotein or plas- 
tein. Evidence against the latter assumption is the fact that reac- 
tions were also obtained with azocompounds of purified hetero- and 
protoalbumose* from Witte peptone and that the reactions with 
azometaprotein and azoplastein were rather weaker than those 
given by the azoalbumoses. 

By immunization with a crude preparation of heteroalbumose 
(not coupled with diazobenzene) made by peptic digestion of horse 
serum, immune sera were obtained which gave precipitin reactions 
of moderate strength with the substance used for immunization 
and furthermore with metaprotein, prepared by short peptic diges- 
tion of horse serum, and with unchanged horse serum. No reac- 
tions took place with heteroalbumoses made from egg white or 
Witte peptone. On the other hand, in conformity with previous 
work,? a common anti-horse serum precipitin reacted only with 
horse serum but not at all with the metaprotein and the hetero- 
albumose from horse serum. The reactions of the immune serum 


1 Landsteiner, K., and Van der Scheer, J., Proc. Soc. Exp. Bion. AND MED., 
1930, 27, 812. 

* We are greatly indebted to Dr. P. A. Levene for supplying us with these 
preparations. 

2 Michaelis, L., Deutsche Med. Wochenschr., 1904, 34, 1240. 
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produced by the injection of the albumose could be inh 


addition of a sufficient amount of a solution of the 


bited by 


i 


preparations of 


bumoses of other origin, used in the same concentration, had no 


hetero-, proto-, or deuteroalbumose from horse serum, whereas al- 
appreciable effect. 
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5632 


On the Resistance and Filterability of the Agent Transmitting 
Leucosis. * 


J. FURTH. (With the assistance of Charles Breedis.) 


From the Henry Phipps Institute, University of Pennsylwania, 


Blood cells preserved in 50% glycerin for 51 days produced leu- 
cosis in 3 of 4 injected fowls, after an incubation period of from 
51 to 56 days. The same material, kept in glycerin for 104 days, 
produced leucosis in 3 of 4 fowls injected after a period of incuba- 
tion from 35 to 82 days. The fresh blood employed in these tests 
caused leucosis in all 5 inoculated birds 12 to 45 days after injec- 
tion. The fresh blood, as well as the blood preserved in glycerin, 
was injected in amounts of 0.5 cc. 

Attempts to determine whether the agent of leucosis resists desic- 
cation have repeatedly failed until recently fowls were injected with 
blood, dried rapidly in vacuo over sulphuric acid, at a temperature 
of about +4°C. and kept at this temperature for 15 days. All 3 
injected fowls developed leucosis after 34 to 45 days. Likewise 
successful was the inoculation of blood dried over calcium chloride 
under similar conditions. Of 3 injected fowls 2 developed leuco- 
sis. The same fresh blood caused leucosis in 2 injected fowls, after 
a period of incubation of 13 to 19 days. 

Previous failures to preserve this agent under similar conditions 
may have been due to the relatively mild activity of the agent, now 
increased considerably. This “increase in virulence” is manifested 
by the very high percentage of successful inoculations, decrease in 
the incubation period, and associated increase in the concentration 
of the transmissible principle in the blood stream as determined by 
titration. 

Leucemic blood, kept in the refrigerator at +4°C., was still 
active after 7 days, but had lost its activity after 16 days. 

Filtration has been much facilitated by passing blood through a 
coarse filter before passage through a fine filter. Plasma passed 
through a fine Berkefeld (W) filter after preceding filtration 
through a coarse filter caused leucosis in 2 of the 4 fowls inocu- 
lated. The same unfiltered plasma caused leucosis in 2 of the 3 
injected fowls. 


_ * This investigation has been supported by a Fund for the Study of Leucemia 
and Related Diseases. 
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Relation of Age and Breed to Susceptibility in Leucosis of Fowls.* 


E. L. STUBBS anv J. FURTH. 


From the Veterinary School and The Henry Phipps Institute of the University of 
Pennsylwania, 


The transmissible avian tumors discovered by Rous and his asso- 
ciates are not transferable to birds other than fowls. The similar 
tumor of Fujinami, however, has been successfully transmitted to 
ducklings (Fujinami, Gye). The infectious diseases of fowls 
caused by a filterable virus, such as fowl pest and fowl pox, are 
readily transmissible to several species of birds. Leucosis of fowls 
is, according to Ellermann and Bang, not transmissible to guinea 
fowls, doves and turkeys. 

An investigation was undertaken to determine the relative sus- 
ceptibility of various breeds of fowls to transmissible leucosis and 
the possibility of transmitting leucosis to birds other than fowls. 
It was first necessary to determine the influence of age on suscep- 
tibility to transmissible leucosis. 

Three groups of Barred Rock chickens, each containing 6 mem- 
bers, were injected with 0.6 cc. blood of a leucemic fowl. The 
fowls of one group were about 4 months of age, of the second 
about one year and of the third over 2 years of age. The result of 
these inoculations is shown in Table I. 


TABLE I. 
Approxi- No. _ |_No. of inoculations | Average | Successful inocula- 
mate age of| injected period tions 
awle Successful | Unsuecess-|incubation |— —=+7|_~2~SSOSCS 
ful Recovered Died 
days 
4 months 6 4 2 22 0 4 
1 year 6 4 2 46 2 2 
Over 2 years 6 2 | 4 48 al 1 


This table indicates that older birds are less susceptible to trans- 
missible leucosis than younger birds and that the period of incu- 
bation is shorter in the younger birds. 

All the breeds of the domestic fowls that were tested were sus- 
ceptible to transmissible leucosis. The fowls used for these tests 


ee 
* This investigation has been supported by a Fund for the Study of Leucemia 
and Related Diseases. 
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were 4 to 5 months old and were inoculated intravenously with 
0.6 cc. of leucemic blood. Of 6 Barred Rocks, 4 acquired leucosis; 
of 6 White Leghorns, 4; of 6 Rhode Island Reds, 2; of 6 mixed 
breed, 2. In another series of inoculations of 6 Bantams, all ac- 
quired leucosis. 

Of the gallinaceous birds, other than domestic fowls, the Guinea 
fowl was tested and all of the 10 young Guinea fowls that were 
injected resisted the inoculation. Likewise unsuccessful were the 
attempts to transmit leucosis to 12 pigeons. 


5634 
Fate of Leucemic Blood of Fowls After Transfusion.* 


R. P. CRANK anv J. FURTH.. (With the assistance of Ruth Klingelhofer. ) 
From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 


Leucemic blood was transferred into healthy animals and the 
fate of the immature leucocytes was followed in the circulating 
blood and in the blood forming organs of the recipient. Such a 
study might reveal whether leucemia is the result of multiplication 
of the transfused immature leucocytes in a susceptible host. In 
addition, the fate of the transmissible agent in the blood of the 
recipient was studied because it was assumed that if leucosis were 
secondary to infection, the infective agent might be recovered from 
fowls that exhibited no leucemic blood changes. 

The fate of transfused leucemic cells. Six young chickens were 
transfused with 20 to 35 cc. of the blood of fowls with severe mye- 
loid leucemia, after 13 to 35 cc. of blood had been removed from the 
circulation of each recipient. Following transfusion, there was an 
immediate increase of the leucocyte count. Leucocyte counts of 
the blood of donors and recipients, mixed in vitro in proportions 
estimated to be those in the recipients, gave values from 2 to 3 
times as high as those found in the recipients 30 minutes and 1 hour 
after transfusion. Figures for red cells and hemoglobin in the 
mixtures, on the other hand, agreed roughly with the figures found 
in the transfused animal. This observation indicated that leuco- 
cytes had been removed from the peripheral circulation. There 
was a slight further fall in the leucocyte counts during periods 


* This investigation has been supported by a Fund for the Study of Leucemia 
and Related Diseases. 
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varying from 1 to 2 days, which was followed by a slight rise dur- 
ing a period of about one day. Subsequently the leucocyte count 
of 4 of the 6 transfused chickens fell to normal within a few days 
with a complete disappearance of the immature cells. Three of 
these 4 birds showed no further changes, but one developed erythro- 
leucosis 47 days after the transfusion. 

In 2 of the transfused chickens there was, instead of a drop, a 
rapid rise in the number of the circulating leucocytes, and both 
birds died in 3 days with the blood picture of leucemia. In one, 
the leucocyte count before transfusion was 27,500, one half hour 
after transfusion, 365,000, and in 3 days, 910,000. 

This secondary elevation was much higher than could be at- 
tributed to the mechanical effect of transfusion. The large number 
of mitoses in the circulating blood gives further evidence that active 
multiplication of the transfused leucemic blood cells had occurred 
in the body of the host. This opinion was strengthened by micro- 
scopic examination of the organs. There was engorgement of the 
blood vessels with primitive large mononuclear leucocytes, and 
many of these cells were undergoing mitotic division. The bone 
marrow contained abundant fat and showed only a slight degree of 
hyperplasia. There were small foci in the liver resembling myeloid 
metaplasia. The changes observed are best explained by assuming 
that the host acted as an incubator for the leucemic blood introduced 
into its circulation. 

Fate of the transmissible agent. Five young chickens were in- 
jected intravenously each with 0.5 cc. of the blood of a fowl with 
severe myeloid leucemia. Blood was removed from the veins of 3 
of these chickens 30 minutes, 1, 7, and 15 days after inoculation 
and injected immediately into the veins of normal chickens in 
amounts of 0.5 cc. Fifteen days after inoculation, only one of 
them remained normal. Each of 4 normal chickens were injected 
with 0.5 cc. of blood, from this apparently healthy fowl. Each of 5 
fowls were inoculated with 0.7 cc. blood of an apparently. healthy 
fowl transfused 30 days previously with 20 cc. leucemic blood. 

These experiments have shown that the transmissible agent is 
demonstrable in the blood stream of the recipient 30 minutes after 
inoculation. Most, if not all of it, leaves the circulation within 24 
hours and reappears within 7 to 15 days in fowls that develop 
leucosis. In fowls that remained free from leucosis, the trans- 
missible agent was not found in the circulating blood. 

Previous observations’ gave evidence that avian leucosis can be 


1 Furth, J., Proc. Soc. Exp. Bion. AND Mup., 1931, 28, 449. 
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produced by cell-free material. The present study indicates that 
the leucemic cell itself is capable of autonomous growth. 

Rous’ observed that tumor cells and their filtrates behave differ- 
ently when brought in contact with immune sera, the former being 
neutralizable, the latter not. Similar observations were made by 
Sittenfield, Johnson and Jobling.* It may be assumed that this 
difference is due to the position of the agent, intracellular in one 
instance or free in the other. Our observations suggest the occur- 
rence of 2 distinct processes: (a) a filterable agent causes neoplastic 
growth and (b) its product, the neoplastic cells are capable of 
autonomous growth. 


5635 


Effect of Suprarenal Cortical Extract on Nitrogen and Sugar 
Elimination in Depancreatized Dogs. 


ALFRED E. KOEHLER. 


From the Potter Metabolic Clinic, Santa Barbara Cottage Hospital, Santa 
Barbara, California. 


In previous publications we’ described a new calorigenic prin- 
ciple obtained from the suprarenal cortex or whole gland. The 
active substance is combined in the lipoid fraction and is extracted 
from the tissue with ethyl alcohol. After evaporation of the alco- 
hol and extraction of the residue with benzene or ether, the active 
lipoid protein-free fraction is obtained. The water-soluble fraction 
of the lipoid contains epinephrin besides the active substance.” Epi- 
nephrin, however, is less firmly bound by the lipoid and can first 
be removed by prolonged washing or mild acid hydrolysis in the ab- 
sence of oxygen. The active principle is unstable, but in the absence 
of oxygen we have kept a preparation active for 5% months. In our 
earlier work the extract was administered orally but effects were 
not always constant. Given hypodermically, approximately one- 
tenth to one-fifteenth the amount is required and the results have 
been much more consistent. 

2 Rous, P., J. Hap. Med., 1913, 18, 416. 

3 Sittenfield, M. J., Johnson, B. A., and Jobling, J. W., Proc. Soc. Exp. Brov. 
AND Mep., 1931, 28, 517. 

1 Koehler, A. E., Proc. Soc. Exp. Bron. AND Mep., 1928, 26, 296. Koehler, A. 
E., and Hichelberger, L., Am. J. Phystol., 1929, 90, 2. 

2 Koehler, A. E., and Eichelberger, L., J. Biol. Chem., 1930, 87, 38. 
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Besides the calorigenic effect, the preparation has been found 
capable of increasing the mechanical efficiency in certain cases of 
abnormal muscular fatigue as myasthenia gravis and Addison’s 
disease. In such cases the abnormal creatine excretion also disap- 
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peared. Since these effects could possibly be explained by an. in- 
crease in carbohydrate metabolism, we have studied the effect of 
the calorigenic principle upon the sugar and protein metabolism in 
depancreatized dogs. 

The accompanying chart shows a typical experiment in a dog 3 
months after operation. During this period the dog was placed on 
exactly 1,000 gm. lean meat plus pancreatin and 14 units insulin, 
which permitted a sugar elimination of 25 to 30 gm. daily. One cc. 
of cortical extract representing 45 gm. of whole gland given hypo- 
dermically daily caused a diminution in the urinary sugar and nitro- 
gen. No constant ratio was noted between sugar and nitrogen elimi- 
ination. In several experiments the decrease in the sugar elimina- 
tion was greater than that which could be accounted for on the basis 
of decreased protein metabolism. 

The decrease in the sugar elimination was constant in 8 experi- 
ments on 3 depancreatized dogs when a calorigenic active substance 
was given. In 4 of these experiments the extract was given by 
mouth and in 4 it was injected hypodermically. In the first 2 dogs 
the treatment periods were limited to 3 or 4 days so as to observe 
the return of the sugar and nitrogen to the level before treatment. 
In experiments on the third dog attempts were made to extend the 
treatment over longer periods. However, after 4 to 6 days of 
treatment the sugar elimination gradually rose again in spite of con- 
tinuous treatment. A period of a week or more had to elapse be- 
fore the urinary sugar could again be depressed. Death of the 
first 2 dogs has prevented our repeating the prolonged treatment 
effect on them. 

Control experiments with epinephrin (0.25 to 1.0 mgm. hypo- 
dermically or 10 to 30 mgm. orally) have failed to give any de- 
pression of the sugar eliminated. Epinephrin given hypodermically 
elevated the sugar elimination in all cases. 


5636 


A Study Concerning the Incidence of Streptococcus Epidemicus. 


C. W. BONYNGE. (Introduced by John F. Kessel.) 


From the Department of Experimental Medicine, University of Southern Califor- 
nia, and the Laboratory of the Los Angeles Certified Milk Commission. 


The occurrence of septic sore throat and of carriers of Strepto- 
coccus epidemicus during inter-epidemic periods has become a mat- 
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ter of importance. Pilot and Davis’ have recently published results 
of a study of this subject in Chicago. 

It is of interest to note that an epidemic of ne sore throat has 
never been experienced in Southern California. In so far as can be 
determined, bacteriological studies for the identification of S. epi- 
demicus have been neglected. 

Our investigations over a period of 4 months, have resulted in 
rather interesting findings. In a group of 250 employees of a local 
institution, 7 positive cultures of S. epidemicus were obtained from 
throat swabs. Each individual harboring S. epidemicus was in good 
health and gave no history of having had sore throat of the epi- 
demic type, but in each instance presented some degree of tonsillar 
hypertrophy. This represents a carrier group of 2.8%. ; 

In a second group of 66 individuals presenting themselves for 
operation for hypertrophied tonsils, 6 positive cultures were found. 
A history of previous attacks of probable septic sore throat was not 
obtainable. Of these individuals 9% harbored S. epidemicus. 

Pilot and Davis have stated that a higher per cent of positives is 
obtained when cultures are made from depths of tonsil crypts. Our 
experience confirms this observation. 

A positive culture was obtained from a typical clinical case of 
septic sore throat with marked edema of pharynx and glottis. This 
case recovered without secondary complications and was the only 
person in a family of 4 to be stricken. 

Two cases of otitis media in children with subsequent mastoiditis 
were found to be of S. epidemicus origin. 

Among 5 cases of septicemia, all with positive blood cultures, in a 
hospital 40¢ children, 2 proved to be due to S. epidemicus. In 
neither case could a history of previous typical septic sore throat 
be elicited. One of these cases had an acute endocarditis which was 
verified at autopsy. 

The initial specimens in all cases were obtained in nutrient broth, 
and cultural studies carried out on 20% ascitic bl g - 
vised by Pilot, Hallam and Davis.? é ee 2 

Conclusion. Over a period of 4 months, 18 strains of Strepto- 
coccus epidemicus have been recovered; 5 from individuals 
suffering from acute infections and 13 from human carriers. Thus, 
verification of the presence of S. epidemicus in various types of 


infection and in the carrier state during inter-epidemic periods is 
offered. 


1 Pilot, Hallam and Davis, J. Infect. Dis., 1930, 47, 503. 
2 Pilot, Hallam and Davis, J. Am. Med. Assn., 1930, 95, 264. 
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5637 


A Pharmacological Study of the Inhibitory Mesenteric Nerves to 
the Intestine. * 


MAX D. HENDRICKS anp C. H. THIENES. 


From the Departments of Phystology and Pharmacology, Unwersity of Southern 
California, Los Angeles, California. 


An attempt to understand better some of the actions of cocaine, 
ephedrine and other drugs on the intestine, led to the use of the 
excised nerve-muscle preparation of the intestine described by 
Thomas.* At the time our experiments were begun, McSwiney and 
Robson’ had reported the use of a similar preparation of the stom- 
ach, and since then there have appeared papers by Finkelmann* and 
McSwiney and Robson,* describing results with the nerve-muscle 
preparation of the intestine. Our results in general confirm those of 
the authors mentioned, and extend the study further. 

A modified Locke solution was used to immerse the tissues, 
which were removed as required from rabbits and dogs anesthetized 
with urethane and chloretone or with amytal. Records were made 
of the movements of only the longitudinal muscle fibres. Stimula- 
tion of the mesenteric nerves was by means of the Harvard induc- 
torium, through platinum electrodes applied to the periarterial 
nerves. Slowly repeated shocks (1 to 10 per second), as well as 
rapid shocks (12 to 60 per second), and minimal effective as well 
as supermaximal strength, stimulating for periods up to 1 minute, 
resulted only in decrease in tone and inhibition of the movements of 
the intestinal muscle. The inhibition persisted for several seconds 
after stimulation ceased, and in a few instances, there was over- 
recovery of tone, with gradual return to normal, thus confirming 
the results of Thomas’ All effects of nerve stimulation were closely 
imitated by epinephrine on each individual preparation. In no 
instance did a primary augmentation of intestinal activity result 
from nerve stimulation. 

The inhibition was not prevented by nicotine or atropine in 
1:10,000 concentration, or by a mixture of nicotine and atropine, 
each 1:10,000. Ergotamine tartrate or ergotamine methane sul- 


* This research has been supported by a grant from the Committee on Scien- 
tific Research of the American Medical Association. 

1 Thomas, J. E., Am. J. Physiol., 1926, 76, 228. 

2 McSwiney, B. A., and Robson, J. M., J. Physiol., 1929, 68, 124. 

3 Finkelmann, B., J. Phystol., 1930, 70, 145. 

4 McSwiney, B. A., and Robson, J. M., J. Physiol., 1931, 71, 194. 
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phonate+ 1:150,000 to 1:75,000, ephedrine-HCl 1:20,000 to 
1:10,000, cocaine-HC1 1 :75,000, nicotine 1 :1,000, atropine 1 :1,000 
and a mixture of nicotine and atropine, 1:1,000 each, markedly 
diminished or entirely abolished the inhibitory effect on intestinal 
movements of electrical stimulation of the mesenteric nerves. 


5638 


An Analysis of the Actions of Cocaine on Excised Smooth 
Muscles. * 


LILLIAN SHUTTER anp C. H. THIENES. 


From the Department of Physiology and Pharmacology, University of Southern 
California, Los Angeles, Calif. 


In a previous report’ there was presented evidence that cocaine 
is not a general sympathomimetic drug. Since most of the studies 
of the action of this drug on the iris (Gold, Miller, Koppanyi, 
Yonkmann’) indicate an action on the terminal mechanism of the 
sympathetic nerves to this organ, a further analysis of the action of 
cocaine on other organs was carried out. All studies were on excised 
tissues bathed in Tyrode solution or modified Locke solution. The 
tissues were taken from animals killed by a blow, or under urethane 
and chloretone or amytal anesthesia. Only experiments on small 
intestine, colon and uterus of the rabbit are described in this report. 

Small intestine. Five segments of small intestine of the rabbit 
were shown to respond to 1:10,000 cocaine HCl by contraction. 
This action was not prevented by previous treatment of the tissue 
with nicotine and atropine, 1:50,000 each. Of 15 segments which 
were depressed by cocaine 1:10,000, 5 were depressed by cocaine 
after nicotine and atropine 1:20,000 each, 5 were depressed by 
cocaine, but not by epinephrine, after ephedrine 1:10,000, and 5 
were depressed by cocaine, but not by epinephrine, after ergotamine, 
1:75,000. These concentrations of ephedrine and ergotamine 
were shown to prevent the inhibitory effect of electrical stimulation 
~ +The authors are indebted to the Sandoz Chemical Works, Ine., for a generous 
supply of ergotamine tartrate and ergotamine methane sulphonate. 


* This research has been supported in part by a grant from the Committee on 
Scientific Research of the American Medical Association. 


1 Thienes, C. H., J. Pharm. Exp. Therap., 1928, $8, 21. 
*Gold, H., J. Pharm. Exp. Therap., 1924, 28, 365; Miller, G. H., Ibid., 1926, 
28, 219; Koppanyi, T., Ibid., 1930, 38, 113; Yonkman, F. F., Ibid., 1930, 40, 195. 
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of the mesenteric nerve, yet cocaine depressed several such poisoned 
muscles. 

Colon. Five segments of rabbit colon were contracted by cocaine, 
1:10,000. This action of cocaine was in no way influenced by nico- 
tine or atropine, 1 :20,000. 

Uterus. Four segments of excised uterus of the rabbit were con- 
tracted by cocaine, 1:10,000 both before and after ergotamine re- 
versal of epinephrine action. + 

Conclusions. Since the drugs which are known to paralyze 
ganglia and nerve terminations of the autonomic nervous system 
failed to prevent either the augmentor or depressant effects of co- 
caine on the small intestine, colon and uterus of the rabbit, it seems 
reasonable to conclude that this alkaloid acts on the muscle, rather 
than the nerves of the organs studied. 


5639 


Studies on Cyanide-Stable Respiration. 


JOHN FIELD, 2nd, anp SALLY M. FIELD. (Introduced by E. G. Martin.) 
From the Department of Physiology, Stanford University. 


The opinion has long been held that the respiration of animal tis- 
sues is completely inhibited by cyanides.* However, Dixon and 
Elliott? have shown that in most tissues there is an appreciable 
oxygen consumption in the presence of the cyanide radical. 

We have found that the cyanide-stable fraction of the respiration 
of the liver of the frog, Rana pipiens, is quite appreciable. The 
frogs were pithed and the liver promptly removed. The tissue was 
then minced with a razor moistened with Ringer’s solution into 
slices 0.5 mm. or less in thickness, under which conditions Warburg* 
has shown that oxygen and cyanide have free access to the several 
cells. The minced liver, suspended in phosphate Ringer’s,* was 
placed in the respiration chamber of a Warburg manometer. A cup 
containing 7% KOH removed the CO, produced. All the mano- 


+ The authors are indebted to the Sandoz Chemical Works, Inc., for a generous 
supply of ergotamine tartrate and ergotamine methane sulphonate. 

1 Macleod, J. J. R., ‘‘Physiology and Biochemistry in Modern Medicine.’’ 
1930, 622. 

2 Dixon, M., and Elliott, K. A. C., Biochem. J, 1929, 23, 872. 

3 Warburg, O., Biochem. Z., 1923, 142, 317. 

4 Dickens, F., and Simer, F., Biochem. J., 1930, 24, 1301. 
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meters were calibrated according to the method of Warburg.* The 
respiration chamber was placed in a water thermostat at 21.5°C., 
and shaken 70 times per minute. 

The cyanide-stable fraction of the respiration was measured by 
placing a weighed portion of a given liver prepared as described in 
each of 2 respiration chambers, so that all comparisons were made 
between portions of one liver. One of the chambers contained 
phosphate-Ringer’s, the other phosphate-Ringer’s which was M/210 
with respect to KCN. Dixon and Elliott? have shown that M/300 
KCN produces maximal inhibition in most tissues, and we have 
found no appreciable difference between the effects of M/210 and 
M/21 KCN. In every case the cyanide was neutralized.* 

The oxygen consumption of a given suspension of tissue was 
determined over a period of at least 2 hours, after previous soaking 
in the solutions for 15 to 45 minutes. Only those experiments in 
which the oxygen consumption is approximately linear with re- 


spect to time are reported. The ratio ©v2zide-stable respiration 4¢ 10Q in 
total respiration 


& experiments varied between 15.62 and 57.9%, average 35.3. 

Urethane is known to interfere with cytochrome reduction. If 
this is quantitative, one might assess the importance of the cyto- 
chrome b system in the cyanide-stable moiety of the respiration by 
treating with both cyanide and urethane. Liver tissue, prepared as 
before was divided into 2 portions, which were suspended in 
phosphate-Ringer’s (a) including M/210 KCN; (b) M/210 KCN - 
and 5% ethyl urethane. The Sespireren an cyanide + ommethane X 100 was 
71.0, 61.9, 71.2, 59.5, 39.0% respectively. 

It is clear that a portion of the cyanide-stable respiration is not 
inhibited by ethyl urethane, and it is possible that we are here dealing 
with a new type of respiratory system. Further experiments on 
the properties of cyanide-stable and cyanide-urethane-stable respira- 
tion are under way in this laboratory. 


5 Warburg, O., ‘‘Uber den Stoffwechsel der Tumoren,’’ 1926. 
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5640 


Cyclic Variations in Pulse Rate in Women and Their Relationship 
to the Menstrual Cycle. 


LILLIAN M. MOORE anp LULU MARIE JENKINS. 


From the Dwision of Physiology, University of California Medical School, 
Berkeley. 


The daily pulse rates of 7 women observed over periods of 2 to 
13 months vary with each phase of the menstrual cycle and in no 
case show a Static norm. 

The pulse rate progressively increases during the phase of the 
cycle representative of the greatest activity (glandular and other- 
wise) of the genital tract; 7. e., from the end of the Ist to the end of 
the 3rd week of the menstrual cycle. It progressively decreases dur- 
ing the following 2 weeks of lessened activity, the lowest point being 
reached near the end of or after the completion of menstruation. 

The rhythm in pulse rate shows a significant resemblance to the 
rhythm in the primary events of the menstrual cycle. 

The rhythm can be statistically shown: (1) by a simple smooth- 
ing process by which daily fluctuations are eliminated if the read- 
ings are continuous, or by a combined compositing and smoothing 
method if discontinuous; (2) by a method which gives the signifi- 
cance of the difference between the low and the high values in the 
rhythm. 

The above is a summary of the material described in a manu- 
script completed by Professor Moore before her death. In order 
to make the results of these investigations available the manuscript, 
with charts, has been placed on file in the University of California 
Library, Berkeley. A copy of the anuscr tpt will be loaned upon 
application to the library. 


098 PROCEEDINGS 


5641 


Effects of Heteroplastic Transplantation of the Ear in Amblystoma.* 


DOROTHY RICHARDSON. (Introduced by Ross G. Harrison.) 


From the Osborn Zoological Laboratory, Yale University. 


When the otic plate is exchanged between early embryos of 
Amblystoma punctatum and A. tigrinum, the results agree essen- 
tially with similar transplantations of the limb, eye, and nasal 
placode, but are modified due to the location of the ear in the head. 
(Harrison,’ Twitty,” * Schwind,® Stone,* Burr.) 

The grafted auditory vesicle develops normally and becomes 
functional in both species, judging by the equilibratory reactions. 
The relative size of the normal and transplanted ears was estimated 
by weighing paper models of the labyrinth. The weights indicate 
that the tigrinum graft on the punctatum host, though larger than 
the normal punctatum ear, becomes greatly retarded in its growth, 
as compared with its own species control, while the punctatum ear 
on tigrinum, though smaller than the normal tigrinum, exceeds the 
normal punctatum ear in size. 

The cartilaginous capsule, measured in the same way, shows 
some response to the presence of the transplant, but the capsule 
around the tigrinum graft is proportionately smaller than that sur- 
rounding the normal tigrinum ear. Conversely, the capsule around 
the punctatum graft on tigrinum is larger than the normal capsule 
in the punctatum donor. This may possibly be due to a difference 
in the amount of cartilage-forming material available in the 2 
species. None of the other adjacent cartilages is affected, with the 
exception of the columella, which shows corresponding deviations 
in size. 

Models of the muscles which originate on the ear capsule demon- 
strate no growth responses, but their position on the larger or 


*A part of this work was done with the generous aid of the Margaret E. 
Maltby Fellowship from the American Association of University Women, 1929- 
1930. 

1 Harrison, R. G., Proc. Nat. Acad. Sci., 1924, 10, 69; Anat. Rec., 1925, 31, 
299; Proc. X Internat. Cong., Budapest, 1929, 642; Arch. f. Entwmech., 1929, 
120, 1. 

2 Twitty, V. C., Diss., Yale Univ., 1929; J. Exp. Zool., 1930, 55, 43. 


3 Twitty, V. C., and Schwind, J. L., Proc. Soc. Exp. Biou. AnD Mzp., 1928, 
25, 686. 


4 Stone, L. 8., J. Exp. Zool., 1930, 55, 193. 
5 Burr, H. S., J. Exp. Zool., 1930, 55, 171. 
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smaller capsules is shifted. In Twitty’s study of the eye muscles 
after heteroplastic transplantation of the eye, hypertrophy or 
atrophy was marked.” 

The studies of Detwiler,® Burr,” Twitty,? Schwind,® and others 
have established the fact that hyperplasia in nerve centers occurs 
when the peripheral sensory load is increased, and that hypoplasia 
results when it is diminished. Cell counts of the acoustico-facial 
ganglion, which probably arises from the graft, show it to be larger 
on the side of the tigrinum transplant, and smaller with the recipro- 
cal graft from punctatum. In the gray matter of the area acoustica 
of the medulla in the punctatum host, there is a 15 to 20% increase 
in the number of cells on the side of the operation, and a decrease of 
approximately 10% in the corresponding region on tigrinum. 

Mauthner’s cell is not obviously altered as to the arrangement of 
its dendrites by the entrance of a larger or smaller nerve. No re- 
sponse can be detected in the cerebellum, to which a few of the 
eighth nerve fibres probably run.*° The effects produced in the 
area acoustica, however, are in agreement with conclusions from 
morphological studies that it is the chief center in the brain of 
urodeles for the endings of the acoustico-lateralis system of nerves.° 
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A Method for Demonstrating Prepituitary Maturity Hormone in the 
Blood of Non-Pregnant Women. 


ROBERT T. FRANK, MORRIS A. GOLDBERGER anp FRANK SPIELMAN. 


From the Gynecological Service and Laboratories of the Mount Sinai Hospital, 
New York City. 


Since the prepituitary maturity hormone has been shown to 
produce puberty, follicle ripening and corpus luteum formation” * 
and since this hormone has been demonstrated in the blood serum 


- 20 Se4aee 
and urine of pregnant women and female castrates, it ap- 


6 Detwiler, 8. R., Proc. Nat. Acad. Sci., 1920, 6, 96; J. Exp. Zool., 1926, 45, 
399; Quar. Rev. Biol., 1926, 1, 61. 

7 Burr, H. S8., J. Exp. Zool., 1916, 20, 27; J. Comp. Neur., 1924, $7, 455. 

8 Larsell, O., J. Comp. Neur., 1920, 31, 259. 

9 Herrick, C. J., J. Comp. Neur., 1914, 24, 343. 

1 Smith, P. E., Am. J. Physiol., 1927, 80, 114. 

2 Zondek, B., and Aschheim, S8., Arch. f. Gyndk., 1927, 130, 1. 

3 Aschheim, S., and Zondek, B., Klin. Wehnschr., 1928, 7, 1401. 

4 ¥Fluhmann, OC. F., J. Am. Med. Assn., 1929, 93, 672. 
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peared logical to expect its presence in the blood of women during 
the menstrual cycle. Aschheim and Zondek* have determined 3 
types of action exerted by the maturity factor, follicle ripening 
(A P RI), blood spots (A P R II) and corpus luteum formation 
(A P RIII). They ascribe these results to 2 distinct hormones 
which they call Prolan A producing A P RI, and Prolan B causing 
A P RI and III, but have been unable to devise an exact method 
for separating these factors. 

We have attempted to devise a method for demonstrating the 
presence of either or both Prolan A and B in the blood of non- 
pregnant women. A convenient material for control is supplied by 
the serum of pregnant women of which 0.2-0.5 cc. contains a M. U. 
or R. U. The untreated serum could therefore be used and equiv- 
alent amounts of the extracts of the same serum compared with 
this. 

The following technique was employed: a. Blood serum obtained 
from women at various phases of the cycle, from 1 to 22 cc. in 
amount, was injected into immature mice and rats without con- 
clusive results. b. The proteins of the blood serum were precipi- 
tated with acid alcohol (one part serum, 3 parts 95% alcohol). 
After dilution to 50% the supernatant was separated by centrifu- 
galization and concentrated to a volume of 6-8 cc. by means of an 
air current at room temperature. No physiological effect was 
noted although pregnancy blood similarly treated and used as a 
control showed that the extraction method was effective, with min- 
imal loss of potency. The method finally adopted, by which the 
presence of the A P R I reaction was demonstrated, is as follows: 
40 cc. of blood is rubbed with 30 gm. of anhydrous Na,SO,., pow- 
dered and extracted thrice in a separating funnel with ether 
(each time 100 cc.). The ethereal extract may be used for our 
female sex hormone test.” The residual sludge is dried by evapo- 
ration, repowdered and shaken for 10 minutes with 200 cc. of 60% 
ethyl alcohol. The mixture is centrifuged and the supernatant 
fluid placed in an evaporating dish before an electric fan. When the 
volume has been reduced to approximately half, a scum forms, 
which is removed by recentrifugalization, The residual dry sub- 
stance finally obtained by complete evaporation is dissolved in 6 cc. 
of water and injected into immature rats. 

Sixty per cent alcohol was chosen because only small amounts of 
Na,SO, are dissolved in it and yet the hormone is fully soluble at 
this concentration. 


5 Frank, R. T., and Goldberger, M. A., J. .Am. Med. Assn., 1926, 87, 1719. 
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The total extract is injected in 6 doses over a period of 3 days. 
The rats are killed 100 hours after the first injection. Their ovaries 
are cut in serial section. 


Results, 1. A P R 1 is noted throughout the cycle to a varying 
degree. 2. The reaction appears strongest from 6 to 9 days from 
the onset of the preceding menstruation. 3. From the 6th to 9th 
day an indication of lutein change is noted. It is too faint to be 
interpreted as a full A P R III. 4. These results signify that ap- 
proximately 25 M. U. L. is the maximum amount of Prolan A oc- 
curring in the circulation of the non-pregnant woman. 
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Calcification of Tubercles by Administration of Calcium Chloride. 


VALY MENKIN. 
From the Department of Pathology, Harvard Medical School. 


In previous communications” * it was shown that a vital dye, try- 
pan blue, or a metal in the form of its salt, ferric chloride, when in- 
jected into the circulating blood stream rapidly accumulates in an 
area of inflammation, where the substance is fixed and fails to drain 
to the tributary lymph nodes. Subsequently it was shown in in- 
fected rabbits® * that repeated daily intravenous injections of ferric 
chloride are followed by an accumulation of iron in the caseous 
center of tuberculous areas. 

The object of this study was to determine whether calcium would 
likewise penetrate from the blood stream into tuberculous foci. Such 
evidence might offer a reasonable explanation for the origin of this 
element in calcified tubercles. The literature fails to reveal any 
agreement on the effect of calcium in experimental tuberculosis. 
Michelazzi*> found calcification of lesions in tuberculous rabbits 
treated with calcium. Hoyle,* who maintained that these earlier ex- 
periments were unsatisfactory, found no appreciable difference in the 


1 Menkin, V., J. Exp. Med., 1929, 50, 171. 

2Menkin, V., J. Exp. Med., 1930, 51, 879. 

3 Menkin, V., Proc. Soc. Exp. Bion. AND Mzp., 1930, 27, 1020. 

4 Menkin, V., and Menkin, M. F., J. Exp. Med., 1931, 53, 919. 

5 Michelazzi, Gaz. d. Ospedali, Milano, 1904, 25, 425; abst. Rev. de la Tuberc., 
1904, 1, 421. 

6 Hoyle, J. C., Quart. J. Med., 1929, 22, 451. 
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course of the disease between experimental and control groups. He, 
however, failed to make histological comparisons. Maver and 
Wells’ found in guinea pigs that the amount of calcium in tubercu- 
lous lesions is not appreciably modified by adding calcium lactate 
to the usual diet. Spies* recently demonstrated that repeated ad- 
ministration of irradiated ergosterol causes calcification of tubercles. 

In our experiments bovine tuberculosis was induced in rabbits 
by the intravenous injection of 0.01 mg. of a saline suspension of 
Ravenel strain. From 3 to 4 weeks later several of the rabbits 
were given daily intravenous injections of 5% CaCl, solution. On 
the first day each animal received 3 cc. of this solution; 4 to 6 cc. 
was injected on each of the subsequent days. After a variable 
number of injections these rabbits were killed. The lungs revealed 
extensive caseous tuberculosis. Some of the caseating areas appeared 
firmer to touch than usual. The tissues were fixed in 10% formal- 
dehyde. Histological preparations were stained with hematoxylin 
and eosin. In addition special stains for calcium were made by the 
silver method of Von Kossa and by 1% aqueous sodium alizarin 
sulphonate. The latter test was performed in view of studies of 
Cameron,’ who maintains that alizarin is the most reliable test for 
freshly deposited calcium in tissues. In all the microscopic sections 
there was complete agreement in the results as obtained by the 3 
methods of staining for calcium. To serve as controls several tuber- 
culous animals that received no CaCl. were killed at about the same 
time as the experimental rabbits. The lungs which revealed about 
the same extent of caseating tuberculosis as in the injected rabbits 
were studied histologically for the presence of calcium deposits. 
When calcium was found it was always within the caseous areas 
either as compact masses or frequently as scattered coarse granular 
deposits. Inasmuch as spontaneous calcification of tubercles is 
frequently seen in non-injected rabbits with tuberculosis of long 
duration, all studies were carried on in animals that had the disease 
for not longer than 4 to 6 weeks. The number of calcified caseous 
tubercles per microscopic section were counted. The results are 
shown in Table I. It is clear that more (10 times as an average) 
caseous areas with calcium deposits were found in animals repeatedly 
injected with CaCl, than in non-injected animals. Furthermore the 
degree of calcification was generally more marked in the injected 
"1 Maver, M. E., and Wells, H. G., dm. Rev. Tuberc, 1993,7,1.... 


8 Spies, T. D., Am. J. Path., 1930, 6, 337. 
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‘ TABLE I. 
Calcification of Tubercles in Lungs of Animals Receiving Daily Injections of 
Calcium Chloride. 


Non-injected Animals Injected Animals 
Interval be-|Number of Interval be- Number of 
Rabbit | tween injec-| caseous Rabbit | tween injec- Total caseous 
No. |tion cf tu-| areas with} Wo, |tion of tu-/ amount of] areas with 
bercle bacillijcaleium de- berele bacilli] 5% CaCle | calcium de- 
and death of] posits per and death of} injected posits per 
animal section animal section 
days days ce 
i 26 0 8 27 32 3 
2 28 1 2 28 32 2 
ae 31 0 10 34 55 4 
4 33 0 iul 34 60 2 
5 34 1 1 36 19 7 
6 34 il 13 43 19 7 
7 37 0 
Average 0.43 4.1 


* These 2 animals were not killed but allowed to die of tuberculosis. 


than in the few non-injected rabbits, each of which showed 1 spon- 
taneous calcified tubercle. 

Further experiments are being conducted to substantiate these 
preliminary results by quantitative analyses and also to determine 
the effect of the accumulation of calcium in tuberculous areas on 
the course of development of the disease. 
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Further Studies by the Angiostomy Method of Hormonal Secretion 
of Pancreas and Suprarenal. 


E. 8S. LONDON anv N. P. KOTCHNEFF. 


From the Department of General Pathology, State Institute of Experimental 
Medicine, Leningrad. 


These experiments are concerned with the study of the effect 
of the administration of various substances upon the function of 
the pancreas and the adrenal. 

The method employed consisted of the use of an angiostomy can- 
nula implanted on the superior pancreatico-duodenal vein and the 
suprarenal vein. The use of this cannula had already been recorded. 

Procedure. Three control samples of blood were drawn from the 
angiostomized vessels and from the femoral artery. 0.2 cc. of each 
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sample of blood were then injected intraperitoneally into three white 
mice. This was followed by the injection of the materials studied 
into the femoral vein of a dog. At varying intervals after the in- 
travenous injection, blood was again drawn from the three vessels 
and injected intraperitoneally into a new series of white mice. These 
mice were subsequently killed two hours later by decapitation and 
their blood sugar determined by the Hagedorn-Jensen method. The 
secretion of epinephrin and insulin was interpreted by the effect 
upon the blood sugar changes in the mice. The substances injected 
intravenously were dextrose, levulose, galactose, tyrosine, alanine 
and morphine. Similar experiments were performed on dogs fed 
milk and glucose. 

The influence of levulose and galactose on epinephrin and insu- 
lin secretion proved to be similar to that of dextrose, both sugars 
calling forth insulin secretion and depressing the secretion of epi- 
nephrin. A similar result was obtained by feeding milk and dex- 
trose. 

For the first few minutes after tyrosine injection there was no 
change in the blood sugars of the mice. Thirty to 45 minutes later, 
the blood sugars rose and one hour and 45 minutes later 
there was a definite depression. Alanine had no effect. The most 
effective stimulant of epinephrine secretion appeared to occur after 
the injection of the morphine. 
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Failure to Immunize the Monkey Against Poliomyelitis by Pro- 
longed Nasopharyngeal Spraying with Live Virus.* 


C. W. JUNGEBLUT ann E. L. HAZEN. 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia Uniwersity. 


In an attempt to explain the protection which a large number of 
children and the majority of adults enjoy against poliomyelitis it 
has been generally held that this immunity is acquired by repeated 
contact with subinfectious amounts of the active virus. It has 
also been suggested that this process of latent immunization is ac- 
complished by small doses of virus entering the body through the 


* Under a grant from the International Committee for the study of infan- 
tile paralysis, whose work is being financed by Jeremiah Milbank. 


IMMUNITY IN POLIOMYELITIS 1005 


upper respiratory tract. We have undertaken to verify experi- 
mentally the soundness of this hypothesis. 

Four rhesus monkeys were subjected to extensive spraying of 
the nose and throat with a 10% emulsion of live poliomyelitis virus 
during a period of about 2% months. The treatments were given 
twice a week, so that each monkey received 20 sprays in all. The 
amount of virus consumed for each spray was approximately 1 cc. 
per monkey. At the end of the immunization period one of the 4 
treated monkeys had died from extensive visceral tuberculosis; the 
autopsy showed a perfectly normal cord and histological examina-. 
tion revealed no lesions of poliomyelitis. From each one of the 3 
remaining animals a sample of blood was obtained after a rest 
period of about one month following the last spray. These monkeys 
at the same time were inoculated intracerebrally with 1 cc. of 
a 10% virus emulsion to test for immunity, one normal control ac- 
companying this test. All 3 treated monkeys developed typical 
poliomyelitis together with the control. Inasmuch as it has been 
suggested that the intracerebral inoculation is too severe a test to 
determine slight degrees of immunity, we have examined the sera 
of these 3 monkeys in the customary manner for the presence of 
virucidal substances. Equal quantities of serum and of 1% virus 
emulsion, 0.5 cc. in each case, were mixed, incubated for 2 hours at 
37°C, left in the icebox overnight and the mixture, I cc., was then 
injected intracerebrally into a monkey; one control animal received 
a similarly prepared mixture of virus and salt solution. Although 
a very small amount of virus was deliberately chosen for this test, 
all monkeys in this experiment came down with typical poliomye- 
litis. 

The experiment leaves no doubt that prolonged spraying of the 
nose and throat of the monkey with fairly large doses of active 
virus fails to induce any demonstrable immunity, as indicated by 
the lack of individual protection against brain infection and by the 
absence of virucidal substances in the blood serum. However, in 
view of the many differences in host susceptibility and mode of in- 
fection between the human disease and the experimental infection 
in the monkey, it is questionable to what extent these results are 
directly applicable to the problem of human epidemiology. 
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The Flocculation of Lecithin by the Extracts of Adrenal Glands. 


JIRi STEFL. (Introduced by Frank A. Hartman.) 


From the Department of Pharmacology, Masaryk University, Brno, Czechoslovakia. 


In a previous publication’ I have described the following reac- 
tion: The lipid of adrenal glands is flocculated in an aqueous 
emulsion in the presence of living tissue, oxydized adrenalin and 
H,O,. After sedimentation of the floccules it is possible to deter- 
mine the presence of cholin and phosphoric acid in the super- 
natant liquid. It was observed that this phenomenon occurs very 
quickly, especially at body temperature, that oxydized adrenalin is 
not necessary, and that H,O, only increases the speed of this reac- 
tion but does not cause it. Instead of living tissue a native prepara- 
tion of blood albumen was used, which was found to be necessary 
and sufficient. 

In this way the reaction became very simple: A lipid emulsion of 
adrenals is flocculated in the presence of native blood albumen. 
Another lecithin (lecithin ex ovo Merck) did not show this reaction. 
A very important condition is the integrity of the albumen; if this 
is denaturated the reaction is negative. The optimal temperature 
is body temperature; lower temperature inhibits the reaction; a 
higher one causes a denaturation of the proteins, so that the floc- 
culation does not appear. The albumen does not enter into the re- 
action with the lipids; neither is it destroyed. After the reaction 
and after filtration it is possible to denature the albumen or to 
use it for a new reaction. It acts probably as a catalyzer (fer- 
ment?). 

It was always possible to determine after flocculation and filtra- 
tion, a certain amount of cholin and phosphoric acid in the clear 
solution, which obviously originates from the decomposition of 
lecithin. But this decomposition is perhaps only an accompanying 
phenomenon; the main manifestation is the flocculation. 

Further I investigated why only the lipids of the adrenals floc- 
culate upon coming in contact with proteins, and other lecithins do 
not. There are two possibilities: Either the lecithin from the 
adrenals is different or it is accompanied by a compound, which is 
the real condition for the reaction as described above. I therefore 
prepared pure lecithin from the adrenal glands according to Erland- 


1Ctp. rend. des séances de la Soc. Biol., 108, 647. 
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son, i. e., an alcohol extract is prepared, evaporated, the residue dis- 
solved in ether and the concentrated ether solution precipitated with 
acetone. The solution in ether and the precipitation with acetone 
are repeated several times and both fractions, i. e., the precipitate 
and the solution were used. The precipitate which represents a 
lecithin of high purity after the evaporation of acetone was emulsi- 
fied in water. The emulsion did not show the above described reac- 
tion. The acetone-ether solution was evaporated in a vacuum and 
the residue dissolved in water. This added to the lecithin emulsion 
of the adrenals and to the albumen immediately caused a floccula- 
tion of the lecithin. This flocculation in the presence of the acetone- 
ether solution appeared also if we used a lecithin of different 
origin (e. a. lecithin ex ovo Merck). It is apparent that the floc- 
culating reaction is not caused by the lecithin but it depends on a 
compound in the adrenal glands which accompanies the lipids in 
their solvents. 

We prepared an extract which prevents the going over of lipids 
of lecithin nature into the solvents and which at the same time de- 
natures the proteins. From dissected adrenals an extract with 
saturated cadmium chlorate solution in 96% alcohol was prepared, 
after 24 hours the extract was evaporated in a vacuum, from the 
residue after removing the fats and cholesterin through simple fil- 
tration an ether extract was prepared. This ether extract was 
evaporated in a vacuum and the residue dissolved in water. The 
solution prepared in this way showed the above mentioned qualities. 
The substance itself is of medium hard consistency, yellowish color, 
does not crystallize, smells like acetic acid, has a slight acid reaction 
and gives a cacodylic reaction. On account of technical difficulties 
it was not possible to test it on epinephrectomized cats. The cor- 
tin prepared by Hartman also gives the flocculating reaction. 
Hartman and Brownell’ prepared a substance from the adrenals by 
ether extraction which they call cortin and which keeps epinephrec- 
tomized cats alive. 

A short time before Swingle and Pfiffner® prepared an extract 
by a more complicated process, which contained the cortical hor- 
mone and was shown to keep epinephrectomized cats alive in good 
condition. Concluding from the publications of the authors, their 


2 Hartman and Brownell, Am. J. Physiol., 1930, 93, 655; Proc. Soc. Exp. 
Brov. anp Mzp., 1930, 27, 938. 

3Swingle and Pfiffner, Proc. Soc. Exp. Brot. AND Muzp., 1931, 28, 510; 
Science, 1930, 1, 321. 
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preparation has some of the same qualities as above described sub- 
stance, in that it is soluble in solvents of lipids, unstable in alkaline 
solutions and gives as it was found only for cortin the flocculating 
reaction. Swingle and Pfiffner’s cortical hormone was not ex- 
amined because its preparation is very difficult and I could not ob- 
tain a market preparation. 

If we assume that the cortical hormone regulates the relation 
between the lipids of the tissue and the medium, it is possible to 
suppose that the substance which flocculates the lecithin in the pres- 
ence of albumen is, if not the same, closely related to the cortical 
hormone. : 
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Bubble Recorder for Mariotte Bottles. 


D. F. EVELETH anv W. F. VON OETTINGEN. 


From the Department of Pharmacology, School of Medicine, Western Reserve 
Oniversity, Cleveland, Ohio. 


The recording of bubbles passing through a Mariotte bottle by 
means of a tambour offers considerable technical difficulties, as for 
instance, in the lung perfusion, described by Sollmann and von 
Oettingen;* nor does the device, worked out by Atzler and Frank? 
give satisfactory records. 

Very good results have been obtained with the following device 
which utilizes the oscillation of the fluid in the inlet tube of the 
Mariotte stopper to close a circuit between a pair of wire electrodes 
adjusted in the lower end of the tube. The electrodes consist of 
copper wires fused into narrow glass-tubes for insulation, with 
projecting platinum tips. One wire is adjusted to about one milli- 
meter above the lower rim of the tube, the other wire dips about 0.5 
cm. into the fluid. The 2 electrodes are held together by a rub- 
ber-ring through which a pin passes, which rests upon the upper 
rim of the Mariotte tube (Fig. A). By shifting this ring up and 
down, the electrodes can be adjusted to different levels; they are 
connected with a current of 110 volts and with a relay arrangement, 


1Sollmann, T., and von Oettingen, W. F., Proc. Soc. Exp. Bion. AND Mep., 
1928, 25, 692. 


2 Atzler, E., and Frank, L., Pfltiger’s Arch. ges. Physiol., 1920, 181, 141. 


BuBBLE RECORDER FOR MARIOTTE BOTTLES 1009 


E E 


Mawotte Bottle 


Fig. A Fig B 
the dry cells of which feed a signal magnet, as described by Biskind 
and Dan.° 

When the fluid within the Mariotte tube rises a little after each 
bubble, the 2 electrodes are short-circuited, and a signal mark is 
produced on a moving drum. There is virtually no danger of 
changing the composition of the saline solution by electrolytic de- 
composition products, because the contact between saline and elec- 
trodes is short, and the quantity of saline coming in contact is 
very small. 

In case very unstable solutions and sensitive objects are used, the 
electrodes may be placed into a small supplementary bubbling bottle 
partly filled with saline solution, the air-chamber in the top of this 
bottle being connected with the inlet tube of the Mariotte bottle 
(Fig. B). 

3 Biskind, M., and Dan, M., Proc. Soc. Exp. Bion. anD Mep., 1928, 26, 52. 
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On the Nature of the Toxin-Antitoxin Neutralization Studied on 
Collodion Particles. 


JULES FREUND. 
From the Henry Phipps Institute, University of Pennsylvania, Philadelphia. 


Diphtheria and tetanus toxins can be adsorbed upon collodion 
particles and can then be neutralized by the adsorption of their 
antitoxins.» ? When, however, the particles were treated first with 
tetanus antitoxin and then with tetanus toxin a phenomenon, at 
first sight paradoxical, appeared, which may be interpreted as the 
combination of toxin with antitoxin without neutralization. Fur- 
ther observations are presented here. 

Collodion particles prepared according to Loeb* and unconcen- 
trated antitoxic horse serums* were used in 3 types of experiment: 
A—first treatment with the antitoxin, second treatment with the 
toxin; B—first treatment with normal serum or a non-corresponding 
antitoxin, second treatment with the toxin; C—treatment with the 
toxin alone. 

Tetanus toxin. With antitoxin dilution 1:1 and toxin 1:1 or 
1:10, and with antitoxin 1:10 and toxin 1:1 or 1:10, the mice 
in experiment B showed no symptoms at all; in experiments A and 
C they either died or had severe symptoms of tetanus. When anti- 
toxin was used in dilution 1:10 and toxin 1:100, the mice in experi- 
ments A and B had no symptoms and in experiment C they showed 
symptoms of tetanus. 

Diphtheria toxin. Collodion particles treated with diphtheria 
toxin alone produce a nodule in the skin of guinea pigs, and the 
skin over the nodule becomes red and scaley 2 or 3 days after the 
injection. Toxin + antitoxin produces a nodule over which the 
skin shows no signs of inflammation. With toxin + normal serum 
the reaction is the same as with toxin alone. If, however, the order 
of treatment is reversed, that is, if the particles are first treated 
with anitoxin and then with toxin, the skin in experiment A shows 
severe inflammation, and in experiment B no inflammation, In 


1 Freund, J., Proc. Soc. Exp. Bion. AnD Mep., 1930, 28, 65. 

2 Freund, J., J. Immun., 1931, in press. 

3 Loeb, J., J. Gen. Phys., 1923, 5, 109. 

* The toxin and antitoxin preparations were obtained through the courtesy of 
Prof. K. F. Meyer of the George Hooper Foundation, and Dr. John H. Reichel of 
the H. K. Mulford Company. 
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repeated experiments the inflammation with particles treated with 
antitoxin + the corresponding toxin was strikingly more intense 
than with those treated only with toxin. 

The results of the experiments are summarized as follows: 

A tetanus antitoxin + tetanus toxin: toxic. 

B_ diphtheria antitoxin + tetanus toxin: not toxic. 

A’ diphtheria antitoxin + diphtheria toxin: toxic. 

B’ tetanus antitoxin + diphtheria toxin: not toxic. 

Two questions naturally arise. (1) Why are the particles that 
have been treated with a non-corresponding serum + the toxin, 
not toxic, when those treated with the corresponding antitoxin and 
toxin, are toxic? The latter observation, but not the former, could 
be satisfactorily explained as an adsorption of the toxins as well 
as of the antitoxins upon the collodion particles. In view of the 
results, however, the question can be answered by assuming that col- 
lodion particles treated with the non-specific serums adsorb or re- 
tain little if any of the toxin, whereas those treated with antitoxin 
are capable of combining with the corresponding toxin, as if in a 
reversed Castellani absorption experiment. 

(2) Why are the particles, treated with antitoxin + toxin, toxic 
when the opposite order of treatment yields non-toxic particles? 
A tentative answer can be given. A combination between toxin 
and antitoxin is evidently not sufficient for neutralization. This 
conclusion is also supported by the fact that under certain condi- 
tions toxin can be recovered from toxin-antitoxin mixtures, sug- 
gesting that the neutralization following chemically specific com- 
binations is a physical phenomenon. Neutralization takes place 
only when toxin and antitoxin are combined in a certain way. They 
are combined whatever the order of treatment of the collodion par- 
ticles, but it has been seen that the toxin is neutralized only when 
the antitoxin is in the top layer, i. e. when the antitoxin covers the 
surface of the toxin molecule. Similarly Jones* has shown that 
collodion particles treated with precipitinogen + precipitin are 
flocculated, but not with the reverse treatment. Antitoxins ad- 
sorbed on charcoal are incapable of neutralizing their toxins.° 
These observations suggest that the toxin-antitoxin reaction is es- 
sentially similar to other antigen-antibody reactions, particularly 
precipitation, agglutination and phagocytosis.° 


4 Jones, F. S., J. Exp. Med., 1928, 48, 183. 

5 Hisler, M., Biochem. Z., 1923, 185, 416; 1924, 150, 350. 

6 Mudd, 8., Lucké, B., McCutcheon, M., Strumia, M., J. Exp. Med., 1930, 52, 
Suiby 
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This conclusion is strengthened by experiments showing that 
tannin adsorbed on red blood cells mediates agglutination, promotes 
phagocytosis, and prepares the cells for lysis by complement,” and 
that it combines with, and detoxifies, toxins adsorbed on collodion 
particles. 

I am indebted to Miss Elizabeth S. Stivers for valuable assist- 
ance. 
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Studies on Mouse Leukemia. IV. Specificity of Susceptibility to 
Different Lines of Inoculated Leukemia.* 


E. C. MAC DOWELL anp MAURICE N. RICHTER. 


From the Department of Genetics, Carnegie Institution of Washington, and De- 
partment of Pathology, College of Physicians and Surgeons, Columbia University. 


Susceptibility and resistance to a particular line of inoculable 
mouse leukemia may, for present purposes, be defined in terms of 
the presence or absence of conditions necessary for the survival of 
the active agent. A group of 11 such lines of agent, each of which 
originated in a different case of spontaneous lymphatic leukemia 
in a highly inbred strain of mice designated as C58, found the 
necessary conditions for survival in mice of the same strain.* 
Although different lines of agent can grow in the same pure bred 
strain of mice, these different lines do not all have the same re- 
quirements for survival, as has been shown by hybridization experi- 
ments.” The present report gives direct evidence of the specificity 
of requirements of different lines of agent, without the use of 
hybridization, by means of a new line that originated from a spon- 
taneous case in another highly inbred strain of mice. 

The new line of agent is designated line L. The spontaneous case 
that gave rise to this line was a mouse in strain 89; the line is 
carried in mice of this same strain. During the course of 13 trans- 


7 Reiner, L., and Fischer, O., 2. f. Immunitatsf., 1929, 61, 317; Reiner, L., 
and Kopp, H., Ibid., 1929, 61, 397; Freund, J., Proc. Soc. Exp. Bion. AND MEp., 
1922, 26, 876; Neufeld, F., and Etinger-Tulezynska, R., Zentralbl. f. Bakt., 1929, 
114, 252. 

* Aided by a grant from the Carnegie Corporation and an appropriation for 
technical assistance from the Research Fund of Columbia University. 

1 Richter and MacDowell, J. Exp. Med., 1930, 51, 659. 

2 MacDowell and Richter, J. Cancer Res., 1930, 14, 434, 
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fers 75 mice of this strain have been inoculated. Of these all but 4 
(94.6%) have died with unmistakable lesions of leukemia, mostly 
between the 15th and 25th days after inoculation. The agent of 
line L has been inoculated into 64 mice of strain Storrs-Little with 
completely negative results and into 82 mice of strain C58, of which 
all but one were negative. 

The active agent of line I originated in a spontaneous case in 
strain C58 in April, 1929. It has now reached its 116th transfer. 
Barring experiments designed to study the nature of the agent, 859 
mice of this strain have been so inoculated; all have proved sus- 
ceptible with the exception of a single mouse whose identity is 
questionable. A total of 225 mice of strain Storrs-Little have been 
inoculated with the agent of line I with no positive case. But a 
large proportion of the mice from strain 89 inoculated with agent 
of line I die with the lesions characteristic of line I (94 positive, 48 
negative). The proportion of susceptible mice in this total has no 
significance since different matings within the strain give different 
proportions of susceptible animals. Only the study of individual 
families gives significance to the ratios obtained. This indicates 
that in spite of many generations of inbreeding by brother to sister 
matings, which usually renders a strain uniform genetically, strain 
89 is at present not genetically homogeneous in regard to the sus- 
ceptibility to line I, although to line L it is probably uniform. 

To summarize, all families of strain 89 are susceptible to line L; 
some of them give numerous individuals susceptible to line I, others 
give few such individuals, while strain C58, on the other hand, is 
susceptible to line I and virtually negative to line L. The same 
animal may provide resistance, as well as different types of sus- 
ceptibility. 

It is not correct, therefore, to regard “susceptibility to inoculated 
leukemia’’ as a state dependent on any single set of conditions. The 
number of different sets of conditions that produce susceptibility 
depends on the number of lines of agent that may be found with 
differing requirements. Susceptibility can be defined only with 
reference to a particular line of agent. 
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Afferent Impulses in the Carotid Sinus and Aortic Nerves. 


D. W. BRONK. 


From the Eldridge Reeves Johnson Foundation for Medical Physics, University 
of Pennsylvania. 


Afferent impulses in the carotid sinus nerve of the rabbit have 
been recorded by means of a vacuum tube amplifier and either a 
string galvanometer or Matthews oscillograph and the arterial pulse 
curve registered simultaneously with a Wiggers manometer. The 
experiments show that there is a burst of impulses accompanying 
each heart cycle followed by comparative inactivity. This discharge 
is coincident with the rapid rise in arterial pressure revealed by the 
carotid pulse curve. The duration of the nerve activity extends 
usually to about the incisura although frequently there are scatter- 
ed impulses continuing throughout diastole. In some cases there is 
a second smaller outburst which coincides with the rise in pressure 
following the incisura. At high blood pressures the discharge be- 
comes continuous, an effect which is likewise produced as a result 
of asphyxia. 

The general character of the discharge in the carotid sinus nerve 
agrees closely with that found in the aortic (cardiac depressor) 
nerve. The impulses in this nerve have been recorded by Adrian* 
and several other workers and simultaneous records of the impulses 
and pulse curves have recently been reported by the author.’ Here, 
too, there is a large outburst of impulses synchronous with the rapid 
rise in pressure the major part of the discharge usually continuing 
to the incisura. The activity of the sensory nerve endings in both 
the aorta and the carotid sinus appears, on the basis of these experi- 
ments, to be a function of both the absolute level of pressure and 
the rate of change of pressure. 


1 Adrian, E. D., J. Physiol., 1926, 61, 49. 


? Bronk, D. W., and Kaltreider, N. L., Montreal Meetings, Am. Physiol. Soc., 
1931. 
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Selective Susceptibility of the Epithelial Layer of Skin to Certain 
Bacterial Toxins. 


L. DIENES. 


From the Pathological Laboratory, Massachusetts General Hospital. 


In connection with the histological study of skin reactions in hy- 
persensitive animals, we studied microscopically the skin lesions pro- 
duced by the injection of various substances both bacterial toxins 
and chemical irritants. We noticed an interesting characteristic of 
the lesions produced by staphylococcus and diphtheria toxins. The 
epithelial layer of the skin was destroyed early and extensively, 
out of proportion to the inflammatory reaction in corium, whereas, 
in the reactions of hypersensitive animals (excepting strong tuber- 
culin types of reactions) and after injection of turpentine or pneu- 
mococcus emulsion, although the inflammatory reaction was strong, 
the epithelial layer was not apparently injured. The skin shows 
symptoms in several infectious diseases and in the hypersensitive 
state skin sensitiveness is usually marked. As the cause of this 
special susceptibility of the skin is not known, it seemed of interest 
to study a susceptibility which depends probably not on the reac- 
tions of mesenchymal but on the reaction of epithelial tissue. The 
early destruction of the epithelial layer has been known for a long 
time in lesions caused by the diphtheria bacillus and more recently 
Parker’ observed necrosis of the epithelium in the case of staphylo- 
coccus toxin. 

We examined the histological structure of skin reactions pro- 
duced by staphylococcus and diphtheria toxins in 7 guinea pigs and 
8 rabbits. In every animal several reactions were studied in differ- 
ent stages of development. The staphylococcus toxin, obtained ac- 
cording to the method of Burnet,’ was quite potent as 0.001 cc. 
caused necrotic skin reactions in rabbits. After injecting 0.05 cc. 
of this toxin into the skin of a guinea pig, in a few hours a quite 
extensive slight swelling developed with moderate hyperaemia. The 
next day the swelling and hyperaemia decreased. The skin cover- 
ing the bleb formed by the injection became after a few hours pale 
with a slight violet hue. Necrosis was obvious to the naked eye in 
the course of the following days, though in sections made only 3 


1 Parker, J., J. Hxp. Med., 1924, 40, 761. 
2 Burnet, F. M., J. Path, a. Bact., 1930, 331. 
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hours after the injections, microscopic examination of the epithe- 
lium, corresponding to the discolored central area, already showed 
marked changes. The cytoplasm stained pink with the usual hemo- 
toxylin and eosin stain and the nuclei were shrunken, pyknotic and 
often surrounded by vacuoles. We found at this stage a moderate 
edema and infiltration with white cells (mostly polymorphonuclear ) 
in the deeper layers of the skin extending much farther than the 
area of necrotic epidermis, Six hours after the injection, there 
was no change in the sections. After 24 hours, the epithelial cells 
showed marked degeneration and in many places showed infiltra- 
tion with polymorphonuclear leukocytes. A new layer of epithelium 
was growing in from both edges below the old necrotic layer. In 
the upper layers of the corium, adjoining the necrotic epithelium, 
there were several foci of dense infiltration with polymorphonuclear 
leukocytes. The epithelial cells of the hair follicles had either dis- 
appeared or their nuclei had become pyknotic and the cytoplasm 
acidophilic. Compared with the 6 hour period, the edema and in- 
filtration of the skin outside of the area of the epithelial necrosis 
had decreased. 

The reactions with diphtheria toxin developed more slowly and 
the necrosis of the skin was grossly visible only after 48 hours and 
increased in size in the following days. This destruction was visible 
microscopically in 24 hours and during the following days strong 
infiltration with leukocytes developed below the necrotic epithelium. 
Even with small doses of the toxin, the inflammatory reaction in the 
corium was stronger than in the staphylococcus lesions. In the 
sections it was evident that the area of necrosis of the epithelium ex- 
tended far beyond the zone of marked reaction in the corium. 

Our findings in rabbits were essentially the same as in the guinea 
pigs. The thinness of the epithelium, however, made it more diffi- 
cult to observe the first alterations. 

We call attention to the following characteristics of the histo- 
logical observations, which are especially apparent in the staphylo- 
coccus reactions: The early development of the necrosis of the 
epithelium, the larger extent of the area of this necrosis than that 
of the strong reaction in the corium, and the development of marked 
infiltration with white cells consecutive to the necrosis of the epithe- 
lium. These characteristics of the histological picture strongly sug- 
gest that the properties of these skin reactions depend largely on 
the injury to the epithelium and the cause of the special suscepti- 
bility of the skin is probably the susceptibility of the epithelial layer. 
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Nature of the Goiter Producing Substance in Cabbage. * 


EMIL J. BAUMANN, ANNA CIPRA anp DAVID MARINE. 
From the Laboratory Dwision of Montefiore Hospital, New York. 


In the course of our attempts”? to isolate the substance in cab- 
bage that produces goiter in rabbits we found that: (1) Cabbage 
was entirely inactivated by drying in air at 25-35°C., or in vacuo at 
a higher temperature. (2) Cabbage extracted with various sol- 
vents such as ether, alcohol, acetone, etc., was quite inactive. (3) 
These extracts concentrated in vacuo and fed to rabbits were like- 
wise ineffective. 

Since the substance in whole cabbage is not injured by prolonged 
boiling in air, by acid and alkali hydrolysis, and by autoclaving at 
150°C., we concluded that these negative results might be due to 
volatilization. During the past year we have tested this assumption 
as follows: 

1. Four rabbits were fed on cabbage, steamed in bulk for 35 
minutes; 4 additional rabbits were fed on raw hashed cabbage that 
was steamed in a thin layer for 35 minutes. The rabbits on cabbage 
steamed after hashing had hyperplastic thyroids after 4 weeks’ feed- 
ing, but definitely less marked than those on cabbage steamed in 
bulk. 2. Attempts were made to distil cabbage in various ways and 
to feed the volatile portion. Some methods gave negative results. 
With others a product was obtained which caused slight thyroid 
hyperplasia. 3. Since the agent in cabbage that causes goiter 
could be removed by several organic solvents, and we thought it 
might be volatile, we next attempted to remove it with ethyl ether. 
After removal of nearly all of the ether at atmospheric pressure, the 
“cabbage fat” (ether extract) was fed to 4 rabbits for 30 days, in 
which time definite thyroid hyperplasia had developed, while an 
equal number of control animals showed normal thyroids. 

Another lot of “cabbage fat” obtained from the ether extract 
was distilled. A small amount of the residue was fed daily for 5 
weeks to 3 rabbits. Three other rabbits were fed with about 0.5 cc. 


* Aided by a grant from the Ella Sachs Plotz Foundation. 
1 Marine, D., Baumann, E. J., and Cipra, A., Proc. Soc. Exp. Brob. AnD MED., 


1929, 26, 822. 
2 Marine, D., Baumann, E. J., Webster, B., and Cipra, A., Proc. Soc. Exp. 


Biou. AND Mep., 1930, 27, 1025. 
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of the distillate daily for the same time. The distillate contained a 
considerable amount of ether and the amount eaten corresponded 
to the distillate from only one half the amount of residue that was 
fed. Three rabbits were used as controls. The diet of all was 
alfalfa and oats. The thyroids of the control rabbits were prac- 
tically normal, while those of the animals receiving the “cabbage 
fat’’ residue were definitely hyperplastic as were also the thyroids of 
the rabbits fed on the distillate, although the amount of distillate 
fed was comparatively small. 

These experiments we believe indicate that the goiter-producing 
substance in cabbage is extractable with ether and is volatile. 
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Effect of Medulla Transplantation. 


J. S. NICHOLAS. 
From the Osborn Zoological Laboratory, Yale Unwersity. 


The experiments recently reported on the transplantation of parts 
of the central nervous system indicate that cellular hyperplasia can 
be induced in regions of the cord which normally have a low motor 
content. Heterotopic transplantations of the cord show conclusively 
that extensive hyperplasia, both motor and sensory, can be obtained. 
Frevious experimentation by the author’ has indicated that, with the 
cord in its normal location, there is a direct dependent relationship 
between the cellular content of the trunk segments of the cord and 
that of the regions anterior to it. These experiments are in direct 
confirmation of Detwiler’s results.” 

The present series of experiments deals with the transplantation 
of an additional medulla just posterior to the normal medulla oblon- 
gata of the urodele embryo. A transverse section is made at the 
lower part of the medulla and the parts of the nervous system sep- 
arated. The transplant which includes the ear capsules with the 
portion of the medulla in close association with them is then placed 
between the separated parts. The tissue contains Mauthner’s cell 
area and the regions of the ninth and part of the tenth cranial nerves. 

The transplanted ear capsules fuse with the normals, giving rise 
to a large mass of cartilaginous tissue which increases the propor- 
tions of the head and apparently permits the interpolated portions to 


1 Nicholas, J. S., Rouw’s Arch. f. Entw. Mechanik, 1929. Bd. 118. 
2 Detwiler, 8S. R., J. Exp. Zool., 1925, 41. 
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develop. The ganglionic elements of the 9th and 10th fuse in a 
massive ganglion which is 40% larger than normal, but is smaller 
than the double ganglion content which would be expected. The . 
nerves arising from the fused 9th and 10th form regular. but en- 
larged trunks with regular distribution, containing, however, a 
greater number of fibers than are normally found in these nerves. 

A careful study has been made of the distribution of the cellular 
and fiber contents of the cord lying posterior to the region of the 
transplantation in 26 cases from a series of 200 animals operated 
upon. The relations of the cells and fibers as indicated by the per- 
centage of the total area which they occupy is remarkably regular. 
The motor areas are increased in size and in the number of cells 
which are found within them. The sensory elements have been 
displaced dorsally in the cord and due to their compactness show 
an increase in the number of fibers found in the dorsal fiber area. 

The conclusion is drawn from the above experiments that a 
quantitative increase in the number of cells anterior to the spinal 
regions of the cord due to the presence of a small part of the pos- 
terior region of the medulla will produce a definite hyperplasia in 
the regions behind the graft. Detwiler has shown that the sensory 
cells respond primarily to the changes in the peripheral field and 
that motor hyperplasia of the cord in the normal position is due to 
intrinsic influences. In the present report a small segment of the 
medulla involving none of the spinal segments can cause, when 
transplanted, a hyperplasia of the ventral area of the spinal cord. 
Since this effect is not nearly so marked as when a larger transplant 
is used, as in Detwiler’s cases, the result must be interpreted as due 
to the quantitative increase of cells and fibers contained in the ad- 
ditional medulla oblongata. 
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Imbibition in Disintegration. 


DONALD H. BARRON. (Introduced by J. S. Nicholas.) 


From the Osborn Zoological Laboratory, Yale University. 


Studies of the lethal effects of cyanide solutions on Amblystoma 
punctatum embryos have demonstrated that water relations play an 
important réle in their subsequent disintegration. The manner in 
which this water is taken up, whether by osmosis or imbibition, has 
received little attention. The separate evaluation of water in these 
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2 roles appears essential to a basic understanding of the disintegra- 
tion process. 

Measurements of density should help to reveal the nature of the 
water entering the tissue for it is generally recognized that water 
of imbibition increases in density whereas water taken up osmotic- 
ally does not increase in weight per unit volume. An embryo im- 
bibing water will increase its weight when weighed in water and 
will at the same time decrease the total volume of embryo plus so- 
lution. An embryo taking up water by osmosis, however, may in- 
crease its own volume but the total volume of the embryo and 
solution will remain constant. Water taken up in this manner will 
not alter the weight of the embryo when weighed in water. To 
determine the amount and rate at which Amblystoma punctatum 
embryos took up water by imbibition, the following method was 
used : 

A small Gooch crucible was suspended by a fine wire from one 
of the hooks of an analytical balance. A beaker containing the 
cyanide solution (M/125,000 in tap water) was placed beneath the 
crucible so that it hung completely immersed in the solution. 
Weights were hung from the hook above the crucible to balance 
the pan on the side opposite. 

The embryos used were in the yolk plug stage enclosed only in 
the vitelline membrane. Twenty-five were introduced into the 
crucible in each trial. The weight of the embryos was then re- 
corded as quickly as possible and at intervals of one-half hour 
thereafter until disintegration began. An increase in weight was 
observed after a few minutes. The increase was most rapid dur- 
ing the first hour, then slowed gradually. A few moments after 
the embryos ceased to gain in weight they began to disintegrate, at 
which time there was a decrease in weight. Embryos at the same 
stage were weighed in tap water as controls. These controls gave 
no evidence of disintegration and made no increase in weight in 4 
hours. In all these trials the temperature was maintained con- 
stant at 20°C. 

These observations suggest that the pressure due to imbibed water 
may be a positive factor in disintegration; and that cyanide solu- 
tions in some way increase the ability of embryos of Amblystoma 
punctatum to imbibe water. 
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Effect of Adrenal Cortical Hormone upon Respiratory Metabolism 
of Normal, Thyroidectomized and Thyroidectomized- 
Adrenalectomized Cats.* 


BRUCE WEBSTER, J. J. PFIFFNER anp W. W. SWINGLE. 


From the Department of Medicine, College of Physicians and Surgeons, Columbia 
Umversity, and Princeton University. 


We have reported’ the effect of bilateral adrenalectomy upon the 
respiratory exchange of cats, together with the changes in metabo- 
lism produced by the administration of the adrenal cortical hor- 
mone to these animals. The present study is a continuation of that 
work. The adrenal cortical hormone’ and the method of measuring 
the respiratory exchange® are the same as were used previously. 

The cortical hormone was injected subcutaneously in quantities 
of from 6 to 15 cc. daily into normal cats for periods varying from 
2 to 10 days. Measurements of the respiratory exchange were 
made 18 hours after the injections. In a series of 12 such experi- 
ments, no appreciable constant variation from normal occurred. 
Further, the general health of the animals did not appear to be 
affected. Similar experiments were carried out in 3 normal rab- 
bits with essentially the same result. 

The normal level of respiratory metabolism was determined in a 
series of 5 cats. Total thyroidectomies were then performed. The 
metabolism gradually fell to a level varying between 20 and 25% 
below normal. The animals gained in weight and showed general 
symptoms of thyroid insufficiency. At this point, the cortical hor- 
mone was injected subcutaneously in quantities varying from 10 to 
50 cc. over a time period of from 1 to 3 days. Within 24 hours 
after the injection, there was an increase in respiratory metabolism 
of from 15 to 30%. This change occurred in 80% of the experi- 
ments and continued for from 24 to 48 hours after the administra- 
tion of hormone was discontinued. 

It was considered advisable to determine whether or not the thy- 
roid gland was a factor in bringing about the elevation of metabo- 
lism which occurred when the adrenal cortical hormone was in- 


* Aided by grants from the Josiah Macy, Jr., Foundation and Mrs. R. E. 
Breed. 

1 Swingle, W. W., Pfiffner, J. J., and Webster, Bruce, PRoc. Soc. Exp. BIOL. 
AND MEp., 1931, 28, 728. 

2 Pfiffner, J. J., and Swingle, W. W., Am. J. Physiol., 1931, 96, 180. 

3 Marine, D., J. Metab. Res., 1922, 2, 29. 
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jected into bilaterally adrenalectomized cats. Accordingly, the 
previously thyroidectomized cats used in the above experiments were 
bilaterally adrenalectomized in 2 stages. The respiratory exchange 
was measured daily. As was the case in the animals in which the 
thyroid was intact,’ the metabolism fell with the development of the 
symptoms of adrenal insufficiency. When these symptoms became 
severe, injections of cortical hormone were begun. The metabo- 
lism rose promptly to a level slightly above the normal and remained 
there as long as the cortical hormone was administered. In other 
words, the changes in the respiratory exchange following bilateral 
adrenalectomy in cats are essentially the same, whether the thyroid 
is intact or totally removed. 
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Effect of Injections of Cortin on Resistance of Suprarenalectomized 
Rats to Large Amounts of Histamine. 


J. MARMORSTON-GOTTESMAN anp DAVID PERLA. 
From the Laboratory Dwision, Montefiore Hospital, New York. 


In previous experiments it was demonstrated that repeated injec- 
tions of cortin raise the resistance of suprarenalectomized rats to 
typhoid vaccine." Similar results were obtained by Hartman and 
Scott.* In subsequent experiments we found that repeated daily 
injections of cortin raise the resistance of suprarenalectomized rats 
to 4 and 5 lethal doses of histamine (about 500 mg. of histamine 
per kg. of body weight).* In the following experiments an effort 
was made to increase further the resistance of suprarenalectomized 
rats to very large amounts of histamine, by injections of cortin. It 
has been demonstrated that adult suprarenalectomized rats are 
killed by 100 to 120 mg. of histamine per kg. when the drug is ad- 
ministered on the sixth day after suprarenalectomy ;* that imma- 
ture suprarenalectomized rats are killed by 150 to 200 mg. of hista- 
1 Perla, David, and Marmorston-Gottesman, J., Proc. Soc. Exp. BIOL. AND 
Mep., 1931, 28, 648. 


2 Scott, W. J. M., and Hartman, F. A., Proc. Soc. Exp. Bion. AND Mep., 1931, 
28, 649. 


8 Perla, David, and Marmorston-Gottesman, J., Proc. Soc. Exp. Bron. AND 
Mep., 1931, 28, 650. 


4 Marmorston-Gottesman, J., and Gottesman, J. J. Exp. Med., 1928, 47, 503. 


CoRTIN AND RESISTANCE 1023 ° 


mine* ; that normal rats are killed by 700 to 900 mg. of histamine per 
kg. of body weight.* *° In spite of the fact that rats have accessory 
cortical tissue, it has been the experience in this laboratory that all 
rats are highly susceptible to the effects of small amounts of hista- 
mine injected after removal of the suprarenals, and that if the hista- 
mine is administered from the 6th to the 14th day, 100% of rats will 
succumb to less than 200 mg. of histamine per kg. of body weight. 
In these experiments the cortical extract used was made in the labo- 
ratory according to the method of F. A. Hartman. Cortin is a potent 
extract of the suprarenal cortex. It is free from toxicity and epi- 
nephrin. 

It was found that a batch of cortin can be assayed by estimating 
the amount of cortical extract injected intraperitoneally into supra- 
renalectomized rats on the 5th and 6th day after operation necessary 
to protect these rats against 200 mg. of ergamine acid phosphate. 

Suprarenalectomized adult rats were injected daily from the day 
of operation with 1.5 to 2 cc. daily of cortin (1 cc. was the equiva- 
lent extractive of 40 gm. of cortex). On the 6th day after opera- 
tion 5 rats were injected with 600 mg., 3 with 700 mg. and 8 with 
800 mg. of histamine per kg. of body weight. Three normal rats 
received 900 and 950 mg. of histamine per kg. of body weight. Of 
the 5 rats injected with 600 mg. of histamine per kg. all survived. 
Of the 3 rats injected with 700, 2 survived and of the 8 receiving 
800, 3 survived. The normal rats were killed with 950 mg. per kg. 


TABLE I. ; 
Effect of repeated injections of cortin on resistance of adult suprarenalectomized 
rats to histamine administered on the 6th day after operation. 


No. of Cortin Histamine No. No. 
rats Days after suprarenalectomy mg. per kg.}| Survived Died 
2 3 4 6 6th day 
5 Q9ee. 2ee. 2ee. 2ee. Zee, 2ee. 600 5 0 
3 2) a ‘hed phe d %? raed 700 5) Ale 
8 2th) 9? rd de 9) 2) 92 800 3 5 
3 normals} 0 0 0 0 0 0 900 2 0 
3 a2 0 0 0 0 0 0 950 | 1 2 


From these results it is apparent that it is possible to raise the 
resistance of suprarenalectomized rats in many instances almost 
to the normal level of resistance of normal rats by repeated in- 
jections of large amounts of cortin. The effect of cortical hor- 
mone on the resistance of suprarenalectomized rats is a specific 


5 Orivellari, C. A., Compt. rend. Soc. biol., 1927, 96, 223. é 
6 Voegtlin, C., and Dyer, H. A., J. Pharmacol. and Exp. Therap., 1925, 24, 101. 
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one. Previous work has shown that large amounts of saline have 
no demonstrable effect on the resistance of suprarenalectomized 
rats. Repeated injections of epinephrin have only a very slight 
effect.2 An extract of the spleen made in the exact manner as the 
cortical extract failed to produce any increase in resistance of supra- 
renalectomized rats. The female sex hormone of Doisy (Theelin, 
Parke, Davis and Co.) did not raise the resistance of suprarenalec- 
tomized rats. Through the kindness of Prof. Harrow of the Col- 
lege of the City of New York, we tested the effect of the male sex 
hormone on the resistance of suprarenalectomized rats with negative 
results. We believe, therefore, that the action of cortin on the re- 
sistance of suprarenalectomized rats to histamine and other toxins 
and poisons is a measure of specific activity of the life prolonging 
hormone of suprarenal cortex. 


5657 
A Substance in Urine of Normal Human Adults That Raises the 


Resistance of Suprarenalectomized Rats. 


DAVID PERLA ann J. MARMORSTON-GOTTESMAN. 
From the Laboratory Division of Montefiore Hospital, New York. 


Though potent extracts of the suprarenal cortex as made by F. 
A. Hartman* and Swingle and Pfiffner® will prolong the life of 
suprarenalectomized cats, enormous quantities of suprarenal glands 
are necessary for the recovery of small amounts of the active sub- 
stance. A more efficient method should be found for obtaining the 
substance in larger amounts in order to make the use of cortical 
hormone available. 

It occurred to us that the cortical hormone may be eliminated in 
the urine in large amounts. A lipoid extract of the urine of normal 
young adults, males and females, was made. The urine of young 
male and female adults is extracted with benzene. The benzene is 
allowed to separate. The benzene fractions are evaporated at 40° 
in vacuo to dryness, the residue taken up in ether, the ether evapo- 
rated off 1 vacuo and the residue taken up in water or oil. The final 


7 Hartman, F. A., Endocrinol., 1930, 14, 229. 


8 Perla, David, and Marmorston-Gottesman, J., Am. J. Phys., 1929, 89, 152 
1 Hartman, F. A., Endocrinol., 1930, 14, 229. i, 


2 Swingle, W. W., and Pfiffner, J. J., Am. J. Phys., 1931, 96, 153. 


———a 
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aqueous product is colorless and turns faintly pink in 24 hours. 
There is no epinephrine present. It is non-irritating when injected 
subcutaneously or intraperitoneally and has no odor of urine. The 
procedure takes 36 to 48 hours. The final product was made up so 
that 1 cc. of the extractive was equivalent to 300 cc. of urine. 

The effect of repeated daily injections of the extract on the re- 
sistance of suprarenalectomized rats to histamine poisoning was 
determined in the same manner and under the same conditions as 
extracts of the suprarenal gland in our previous experiments® * ° 
with cortin prepared from the cortex of the whole gland according 
to the method of F. A. Hartman. Repeated injections of cortical 
hormone raise the resistance of suprarenalectomized rats to hista- 
mine poisoning administered on the 6th day after the operation. An 
arbitrary standard unit was established as that quantity of cortex 
administered on the 5th and 6th day after suprarenalectomy neces- 
sary to protect these rats against 200 mg. of histamine per kg. The 
minimal lethal dose of histamine for untreated suprarenalectomized 
adult rats is 100 to 120 mg. per kg. when given on the 6th day 
after suprarenalectomy.°® 

Thirty suprarenalectomized, 3 months old rats were used. Three 
received daily injections of 1 cc. of the urine extract from the first 
to the 6th day after operation. On the 6th day, these received 200 
mg. of histamine per kg. Two survived and one died. Three rats 
received daily injections of 1 cc. of the urine extract and on 
the 6th day were given 300 mg. of histamine per kg. Of these, 
2 survived and one died. Six rats received 1 cc. only on the 5th and 
6th day after the operation and were given 200 mg. of histamine 
per kg. Four survived and 2 died. Five rats received 2 cc. only on 
the 5th and 6th day after operation and were given 200 mg. of his- 
tamine per kg. All survived. Two were given 2 cc. of extract on 
the 5th and 6th day and were injected on the 6th day with 300 mg. 
of histamine. One died and one survived. Two suprarenalectomized 
rats received 2 cc. of extract on the 5th and 6th day and were given 
400 mg. of histamine. One died and one survived. 

As controls, the protective effect of the male sex hormone of 
Funk and Harrow’ was tested. We obtained a small quantity of the 


3 Perla, David, and Marmorston-Gottesman, J., Proc. Soc. Exp. Brio. AND 
Mep., 1931, 28, 648. 

4Perla, David, and Marmorston-Gottesman, J., Proc. Soc. Exp. BioL. AND 
Mep., 1931, 28, 650. 

5 Marmorston-Gottesman, J., and Perla, David, Proc. Soc. Exp. Biol. AND 
Mep., 1931, 28, 1022. 

6 Marmorston-Gottesman, J., and Gottesman, J., J. Exp. Med., 1928, 47, 503. 

17 Funk, C., and Harrow, B., Proc. Soc. Exp. Biou. AND MED., 1929, 26, 325. 
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male hormone through the courtesy of Prof. Harrow. Four rats 
injected daily with 1 cc. of the extract were given 200 mg. of his- 
tamine on the 6th day. One rat survived 48 hours and 3 died with- 
in 8 hours. Two rats were injected daily with 10 units of “thee- 
lin,” the female sex hormone of Doisy, and both died with 200 mg. 
of histamine per kg. Five suprarenalectomized rats were untreated 
and were given 200 mg. of histamine on the 6th day after operation. 
They all died. 


TABLE I, 
Effect of repeated injections of an extract obtained from urine on resistance of 
suprarenalectomized rats to histamine poisoning. 


No. of| Sex Extract of Urine* Histamine No. No. 
rats (days) (mg. per kg.)|Survived| Died 
M F) 1 2 3 4 5 6 
CCH CC CC CC CCHMEEEC: 
3 2 ae aft iff 1 i 1 200 2 1 
3 1! 2)1 1 at 1 1 1 300 2 1 
6 3 310 0 0 0 i a 200 4 2 
5 3 2)0 0 0 0 2 2 200 5 0 
2 1 AKO) 0 0 0 2 2 300 1 i 
2 1 1/0 0 0 0 2 2 400 1 i 


Funk-Harrow Male Hormonet 
4 | 2 aN a es os 1 1 200 IRS al yo 


Theelin (Doisy Female Sex Hormone) 
4 \ al 1|10un. 10u. 10u. 10u. 10u. 10u.] 200 | 0 [Saez 


Untreated Controls 
Suelaee 3 | 0 0 0 0 0 0 | 200 | 0 | 5 


* 1 ec. equals extractive of 300 cc. of urine of young normal adults. 
t Lee. equals extractive of 400 cc. of urine of adult males. 

} Expressed in Allen Doisy rat units. 

§ This animal survived 48 hours. 


Comparing the results with extracts of suprarenal cortex with 
these experiments, it is estimated that one liter of urine furnished 
an equivalent amount of protective substance in about 44 pound of 
whole gland. 

The extractive obtained from the urine contains a substance that 
has some of the physiological properties of cortex of the suprarenal 
gland. In previous experiments we found that an increase in re- 
sistance in suprarenalectomized rats following administration of 
cortin is a specific one. As with the cortical preparations, young 
adult suprarenalectomized rats injected with the extract from the 
urine gained from 8 to 10% in weight during the first week fol- 
lowing suprarenalectomy. The suprarenalectomized untreated rats 
either lost weight or their weight remained stationary. 
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Preparations made from other organs such as the spleen in the 
manner of cortin; and theelin, the female sex hormone of Doisy, 
and the male hormone of Funk and Harrow, fail to raise the resis- 
tance of suprarenalectomized rats. 

Experiments are in progress to determine the effect of this ex- 
tract of the urine on suprarenalectomized cats. 

A substance has been extracted from the urine of young human 
adults which has some of the physiological properties of the cortical 
hormone of the suprarenal gland. 
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Experimental Inoculation of Man and Guinea Pigs with the Virus 


of Cattle Warts. 


MALCOLM H. SOULE anp EARL B. MC KINLEY. 


From the Hygienic Laboratory, Uniwersity of Michigan, and the School of Tropical 
Medicine, San Juan, Porto Rico. 


The etiological agent of human verrucae has been established as 
a filterable virus by a number of investigators. This was suggested 
first by Ciuffo’ and firmly established by Wile and Kingery? and 
by Kingery.* Schultz* reported that he had succeeded in trans- 
mitting cattle warts to man but the filterable nature of the cattle 
wart virus was not proven until the work of Creech.’ Creech suc- 
ceeded in producing experimental wart lesions in 15 out of 22 calves 
with both filtered and unfiltered cattle wart material. 

It is becoming more and more apparent that there are many 
similar diseases to be found in the different species. Studies should 
be directed towards the discovery of common etiological agents 
in many of these conditions. The so-called pox diseases of man 
and animals represent good examples which suggest common or at 
least closely related etiological factors. Information concerning 
the relationship of these agents is particularly valuable. 

We have attempted to determine a possible relationship between 
the virus of cattle warts and of the common wart in man. Usually 


1 Ciuffo, G., Gior. Ital. delle Malattie Venere e della Pelle, 1907, 48, 17. 
2 Wile, U., and Kingery, L. B., J. Am. Med. Assn., 1919, 73, 970. 

3 Kingery, L. B., J. Am. Med. Assn., 1921, 76, 440. 

4 Schultz, F., Deut. Med. Wehnschr., 1908, 34, 423. 

5 Creech, G. T., J. Agric. Res., 1929, 39, 723. 


1028 PROCEEDINGS 


4 or 5 cattle warts have been excised, brought to the laboratory, 
washed and placed in 50% glycerin in the ice box for several 
hours. These warts were then cut up in fine particles with sterile 
instruments and ground up in sterile test glasses with sand. After 
emulsifying with saline part of the emulsion was filtered through 
Berkefeld N filters. Human subjects and guinea pigs were inocu- 
lated intracutaneously with the wart emulsions. 

One of us (McK) had demonstrated that unfiltered cattle wart 
emulsion gave rise in guinea pigs to new growths of the proliferat- 
ing type characteristic of verruca. The experimental lesions were 
not so marked with the filtered material although mild lesions were 
produced. In 2 human subjects no lesions were produced even after 
one year incubation. 

Recently we have studied this question again, utilizing the same 
methods as before except that a larger number of cattle warts have 
been used in the preparation of the virus emulsions. Twelve or 
fifteen of these lesions have been obtained and the freshest of them 
have been employed for the inoculation experiments. The emul- 
sions were highly concentrated. Three human subjects, including 
ourselves, were inoculated intradermally and over 20 guinea pigs 
were injected with the same material. Suggestive lesions were 
again obtained in guinea pigs but none of the 3 human subjects 
have shown any signs of lesions after nearly 5 months’ incubation. 
Creech® reports that the experimental lesions obtained by him in 
young calves appeared usually within the second or third month. 
Wile and Kingery’ report an incubation period of from 4 to 7 
weeks with experimental warts in man although second generation 
lesions required nearly 6 months according to Kingery.* 

Our experiments so far would indicate no relation existing be- 
tween the viruses of cattle warts and human warts in spite of the 
positive results obtained by Schultz. However, since these experi- 
ments are based presumably upon a single strain of cattle warts 
(coming from one herd) this should not be taken as final evidence 
that the viruses of both human and cattle verruca are not bio- 
logically related. 
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On the Mechanism of Action of Anayodin (Yatren; 5 Jodo, 
8 Oxyquinoline, 7 Sulfonic Acid). 


F. W. VON OETTINGEN anv E. E. ECKER. 
From the Department of Pharmacology and the Institute of Pathology, 
Western Reserve University. 
/ 

Makarowa and Zeiss’ showed that in animals sensitized to serum 
proteins anaphylactic shock could be prevented if a serum contain- 
ing 2% Germanin were used for the shock injection. Steppuhn, 
Zeiss and Brychonenko® also have reported the formation of such 
denatured proteins in the presence of Germanin. It appears, from 
the studies of Roehl,* that the sulfonic acid groups are involved 
in this reaction. Since the clinical picture following the intravenous 
injection of Anayodin (Yatren) resembles a non-specific protein 
reaction, it seems possible that a similar reaction occurs in vivo. 
The mechanism in this case would be a chemical alteration of a 
fraction of body proteins resulting in the production of a foreign 
protein. 

The experiments herewith reported were conducted to ascertain 
the influence of this chemical substance in anaphylaxis both in sen- 
sitizing and shock injections. 

One series of 6 guinea pigs were sensitized by subcutaneous in- 
jections of one cc. of 0.5% solution of crystalline egg albumin 
F,P.B,.* At the same time the second series of 7 animals received 
the same dose of a solution of crystalline egg albumin containing 
1% Anayodin. Each series was then divided into 2 groups. Of 
the first series sensitized with egg albumin 3 animals were shocked 
with egg albumin and 3 with egg albumin and Anayodin. Of the 
second series sensitized to egg albumin and Anayodin 3 were 
shocked with egg albumin and 4 with egg albumin and Anayodin. 
Thus cross experiments with the various combinations were ob- 
tained. The results are presented in Table I. 


Summary: Allowing for individual animal variability as a fac- 
tor in anaphylactic shock, as a whole it may be said that in our 


1 Makarowa and Zeiss, Ztsch. f. Immunitatsf., 1923, 47, 110. 

2 Steppuhn, Zeiss and Brychonenko, Arch. f. Schiffs u. Tropen Hyg., 1923, 27, 
206. 

3 Roehl, Arch. f. Schiffs u. Tropen Hyg., 1926, 30, (Beiheft) 103. 

* For the purified egg albumin we are indebted to Dr. A. G. Cole. 
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TABLE I. 
I. Sewnsivizep To Eaa ALBUMIN. 
(a) Shocked with Egg Albumin. 


No. | Weight Dose Effect 
gm. ee: 
al 340 i Gasping, convulsions, in 2 min. Collapse in 4 min. 
Dead—butterfly lungs. 
2 295 0.5 After 2 min. dyspnea, 4 min. side position, 7 min. 
slight convulsions—recovered. 
3 230 1 Immediate gaspings, convulsions, in 1 min. dead 


—hbutterfly lungs. 
(b) Shocked with Egg Albumin and Anayodin. 


4 260 1 After 4 min. dyspnea, 5 min. scratching—sur- 
vived. 

5 250 1 Rapid respiration, 28 min. side position, after 42 
min. dead—very slight emphysema. 

6 240 1 1 min. convulsions, after 5 min. dead—butterfly 
lungs. 


II. Sensrrizep to Egca ALBUMIN AND ANAYODIN. 
(a) Shocked with Egg Albumin. 


tf 250 if Immediate dyspnea, convulsions, side position. 
dead after 5 min.—butterfly lungs. 

8 220 1 Cough, dyspnea—recovery. 

9 315 1 Gasping, convulsions, after 4 min. dead—butter- 
fly lungs. 

10 215 1 Marked dyspnea, gasping, nervous, recovery. 


(b) Shocked with Egg Albumin and Anayodin. 


ish 335 1 Dyspnea, convulsions, in 3 min. dead—butter- 
fly lungs. 

12 245 1 Rapid respiration, 4 min. highly dyspneic, 5 min. 
nervous—survived. 

13 234 il Gasrine, convulsions, in 2 min. dead—butterfly 
ungs. 


group of 13 animals Anayodin (Yatren) has no clearly demonstra- 
ble influence in preventing either sensitization or shock. 
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An Improved Direct Method for Obtaining the Total White Cell 
Count in Avian Blood. 


BRUCE K. WISEMAN. (Introduced by Charles A. Doan.) 
From the Department of Medical and Surgical Research, Ohio State University. 


Because of the normal presence of nucleated erythrocytes and 
thrombocytes in avian blood, it has always been difficult to count 
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accurately all of the white blood cells. For this reason, most direct 
methods have been based upon some technique providing for the 
recognition of specific types of cells in the counting chamber and 
then, from the percentage of these types found in the differential 
count made upon the stained smear, the total number of white cells 
per cu. mm. of blood have been calculated. To distinguish between 
the various types of white blood-cells, previous investigators have 
used a solution of vital neutral red alone,’ vital neutral red with 
formalin in a separate solution,” or neutral red with a separate solu- 
tion containing formalin plus crystal violet.* Neutral red, however, 
stains both granulocytes and monocytes, and it is often difficult to 
distinguish the one from the other under the powers of magnifica- 
tion that can be used in conjunction with the counting chamber. 
On the other hand, if one attempts to include both of these cell 
types in the count, the wide variation in staining intensity of the 
monocytes frequently occasions inaccuracies through the missing 
of individual cells. This is especially a source of error when the 
counting of blood cells is assigned to technicians. Moreover, it 
was found that the diluting fluids which do not contain a fixative 
_ frequently fail to preserve the red blood cells intact, the resulting 
hemolysis making a further complication in arriving at accurate 
counts of both the red and white blood cells. 

The fact that the predominating granulocyte in avian blood con- 
tains eosin-staining granules suggested the use of the dye given 
below, which, when combined with a fixative to preserve the ery- 
throcytes, stains these granular cells so as to make them stand out 
sharply and distinctly in the counting chamber. The solution now 
being used in this laboratory has the following formula: Phloxine 
50 mgm., Formalin 5 cc., Ringer’s Solution 95 cc. 

This solution does not deteriorate and preserves the red blood 
cells indefinitely. Used as a diluting fluid, it stains the eosinophilic 
granules a brilliant red, imparting to these cells a distinguishing 
characteristic that is in marked contrast to the remainder of 
the cells seen in the counting chamber. All other cells take the 
stain much less brilliantly and are not to be confused with the 
eosinophilic leucocytes. The concentration of phloxine as given is 
such as to cause maximum staining within one hour. More dilute 
solutions (3 mg. dye in 100 cc. solution) stain these cells almost 
specifically, but the time interval required is at least 3 hours. Where 


1 Forkner, C. E., J. Exp. Med., 1929, 50, 121. 
2 Blain, D., Proc. Soc. Exp. Bion. anp Mep., 1928, 25, 594. 
3 Shaw, A. F. B., J. Path. and Bact., 1930, 33, 833. 


This figure 


a 10X ocular, and a strong white 
light for illumination. The entire ruled area is examined, counting 
is used for calculation of the total white blood cells after the per- 
centage of eosinophiles is obtained from the differential count taken 


? 


PROCEEDINGS 
The blood, obtained from the wing-vein of the bird, is diluted 
1-200 in the red blood cell pipette with this fluid. After standing 


time is not a factor of importance, the weaker solutions are recom- 
the required interval, the pipette is then shaken for 2 to 3 minutes, 


mended as the contrast between eosinophilic leucocytes and all other 


cells in the counting chamber is then optimal. 
the counting chamber filled in the usual manner, and the count 


only the brilliantly red-stained eosinophilic leucocytes. 


made, using an 8 mm. objective 
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at the same time. The red blood cells may be counted from the 
same preparation in the usual manner. 

Derivation of the figure representing the total white blood cells 
per cu. mm. of blood depends upon calculating the number of 
eosinophiles in one cu. mm. diluting fluid (X 10/9) then correcting 
for the dilution (X 200) and finally multiplying this result by the 
fraction a 


percentage of eosinophiles ~ 


Since for any particular total cell count these values are all con- 
stants with the exception of the percentage of eosinophiles, it is 
possible to calculate a single factor for use with each percent of 
eosinophiles. This simplifies the above calculations to one step, 
namely, the multiplication of the number of eosinophiles counted in 
0.9 cu. mm. diluted blood by the factor corresponding to the per- 
centage of eosinophiles found in the differential count. Table I 
contains 100 factors each corresponding to a particular percentage 
of eosinophiles. 

Two examples will clarify this explanation: 


Example 1. Without Use of Table: 
Number of cells counted in entire ruled area (0.9 cu. mm.) 26 
Percentage of eosinophiles in differential count 60 
Total white cells 26 X 10/9 X 200 X 100/60 = 9,627 
Example 2. With Use of Table: 

Number of cells counted in entire ruled area (0.9 cu. mm.) 26 
Percentage of eosinophiles in differential count 60 
Total white blood cells 26 X 370.3 = 9,627 

It is believed that both technical and mathematical errors will be 
reduced in observations on avian blood by the adoption of the 
procedures outlined in this presentation. 
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Preliminary Observations on Human Blood in Early Syphilis by 
the Supravital Method. 


SAMUEL T. MERCER. (Introduced by Charles A. Doan.) 
From the Department of Medical and Surgical Research, Ohio State Uniwersity. 


Cells in the circulating blood frequently reflect the pathological 
process which is occurring in the tissues. Reports of cellular changes 
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‘in tissues of syphilitic rabbits have appeared recently.» * Preliminary 

blood studies in selected patients at the University Clinic showing 
early syphilitic lesions revealed such definite deviations from the nor- 
mal differential blood count that it seemed worth while to make re- 
peated observations on such cases. Seventeen young adults of both 
sexes with uncomplicated early syphilis were selected. Observations 
were made at weekly intervals for 3 weeks to 4 months. Stand- 
ardized pipettes were used and the supravital technique utilizing 
Janus green and neutral red in physiological concentrations was 
used for differentiating the white blood cells. 

The physiological range for the white blood cells in the normal 
adult human during any 24 hours represents a fluctuation of 100% 
in the total cells, with corresponding numerical changes in the 
individual cell strains. This normal qualitative and quantitative 
range must be recognized and only those deviations outside this 
range may be interpreted as related to specific tissue reactions. 

In all but 3 cases, the total white cell count remained within 
normal limits, i. e., 5,000 to 10,000, throughout the period of ob- 
servation. That the total number of white cells remains so con- 
sistently within normal limits may account for the lack of sig- 
nificance which has been attributed in the past to cytological studies 
of the peripheral blood in syphilis. It is only when careful differ- 
ential studies of the cells of the blood are made that certain sig- 
nificant changes are noted. 

At the time these observations were being made, Pearce and Ro- 
sahn* published findings from a supravital study of early primary 
and secondary syphilitic lesions in rabbits. A transient increase in 
monocytes in the peripheral blood was found associated with a 
monocyte proliferation at the site of the lesions. 

In our human cases 75% of the patients showing early lesions 
presented a monocyte rise greater than the physiological range.* 
For example, a white male, aged 21, with a chancre of 7 weeks’ 
duration and a generalized maculo-papulo-pustular rash covering 
the entire body of 5 days’ duration, showed monocytes approaching 
their peak, Within the following week, 18% of the 10,000 white 
blood cells in the peripheral circulation were monocytes (1800 per 
cu. mm.). Under antiluetic treatment there was a rapid fall in the 
monocytes during the following 12 days, to 200 cells. The total 


1 Morgan, Hugh J., Trans, Assn. of Am. Phys., 1930, 45, 67. 

* Pearce, L., and Rosahn, P. D., Proc. Soc. Exp. Bron. AND Mxp., 1931, 28, 654. 

* Shilling gives 6% monocytes as the normal average for the human adult, 
which in absolute numbers would represent from 300 to 600 cells. 
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polymorphonuclear neutrophils and lymphocytes remained within 
the limits of normal during this time, though both showed a definite 
“shift to the left,’ in younger types within their respective cell 
strains. A definite monocyte rise of greater or lesser magnitude has 
been found in the majority of the cases thus far studied in the pri- 
mary and secondary stages of the disease. There have been no 
qualitative changes noted similar to those described in tuberculosis. 

Seventy-five per cent of the cases have shown a definite increase 
in eosinophilic leucocytes, one patient having had as many as 2500 
eosinophils in a total count of 9,000 white cells. An occasional 
patient has shown a marked eosinophilia without a monocyte in- 
crease in the blood, though the rule has been to find both of these 
cell types increased. The average early case has shown from 2 to 
12% eosinophils, the total number seldom going above 1,000 per 
cu.mm. Basophils were present in 11 cases, but in increased rela- 
tive and absolute numbers in only 2 patients. 

The neutrophilic leucocytes were affected less than any of the 
blood cells in both number and quality, though an occasional patient 
showed a “shift to the left’ in the nuclear formula. 

Only a rare clasmatocyte has been seen in the blood of the cases 
thus far studied. 

The lymphocytic fluctuations varied from patient to patient. 
The majority of the cases showed the total lymphocytes to be well 
within the established limits of normal. Qualitative studies revealed 
some tendency to an increase in the younger cell types. Four of 
the cases showed a very definite lymphocytosis associated with 
young cell types. 

All cases are being followed to determine if possible the sig- 
nificance of the variation in cellular response during the initial 
stages of the disease, and the effect of various types of treatment 
on the cellular picture and clinical course of the disease in individual 
patients. 
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5662 
Effect of Hexylresorcinol upon Ascaris and Hookworm Eggs.* 


H. W. BROWN. (Introduced by Paul D. Lamson.) 
From the Department of Pharmacology, Vanderbilt University School of Medicine. 


Ascaris eggs from canine, porcine and human sources are noted 
for their resistance to many chemicals. Cram’ in a summary of 
various workers’ experiments shows that acids, alkalies and alcohols 
as well as many bactericidal agents do not prevent normal develop- 
ment of ascaris eggs. Of the active substances reported by Cram 
are carbolic acid which in 5% solution kills the pig ascarid egg in 
10 hours, and cresol which in 3% solution kills them in 5 hours. 
The most active substance is probably “hyperactive” iodine which 
has been shown by Chandler’ to kill ascarid eggs within 10 minutes. 

Hexylresorcinol, a substance related to phenol, has been shown 
by Lamson, Brown, Ward, Robbins* * to be a very effective an- 
thelmintic against both the dog and human ascarid. The purpose 
of this paper is to bring attention to the great activity of hexyl- 
resorcinol upon ascaris eggs (Ascaris suum). 


Method of testing drug action upon eggs. Eggs were obtained 
by dissecting out the anterior 2 inches of adult ascaris uteri which 
were cut into short sections, placed in water and well shaken, to 
prevent large adherent egg masses. The hookworm eggs were ob- 
tained by macerating dog stools in saturated saline and looping off 
the upper layer containing the eggs which were washed in tap water. 
In both cases the eggs were placed in the solution to be tested and at 
intervals a sample was removed and the eggs washed several times, 
placed in flasks of tap water at room temperature, and examined 
from time to time to note their death or development to the embry- 
onated stage. Controls in tap water were run with each experiment. 
The differentiation of live from dead eggs is sometimes difficult ; the 
best criterion is their development when placed in a favorable me- 
dium. Occasionally large egg masses persisted despite vigorous 


* The funds for carrying out this work were given by the International Health 
Division of the Rockefeller Foundation. 

1 Cram, E. B., J. Agr. Res., 1924, 27, 167. 

2 Chandler, W. C., Quart. Bull. Mich. Agr. Coll., 1924, Feb. 1. 

3 Lamson, P. D., Brown, H. W., and Ward, C. B., North Am. Veterinarian, 
1931, January. 


4 Lamson, P. D., Brown, H. W., Robbins, B. H., and Ward, C. B., Am. J. Hyg., 
1931, 18, 803. , 
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TABLE I. 
The Effect of Resorcinol and Hexylresorcinol Solutions upon the Eggs of 
Ascaris swum. 
Eggs with outer albuminous coat intact. 


Time in |1% Hexyl- 0.1% 0.05%* |1% Hexyl- lo 
solution | resorcinol Hexyl- Hexyl- | resorcinol} §S. T1T.-37 | resorcinol 
suspension| resorcinol | resorcinol | 1% KOH 


All dead | Embryo- | Embryo-| Embryo-| Embryo-| Embryo- 


15 min. within 5 nated nated nated nated. nated 
minutes Active Active Active Active Active 
30 39 Few dead be) >? >? 9 
1 hr. Maj. dead Ne es ted wD 
9 bys) 9?) v9 9? pe) >) 7 
5 9) All dead 7 +>) 73) 39 
15 +> 3%) ese) 9? 99 7) 39 
oT >” phe) bdo) Few dead Ly) >? BP) 
48 3?) 3? te] bhi) >? 99 ahd 5D) 
100 99 AYE} Id: Many dead >? 29, ef} 
196 9) PF 9 Maj. dead 7De) v7 9?) 
386 Xe) 9? 9) | All dead 2? tf) 9? 


0.01% hexylresorcinol—eggs all embryonated and active. 


shakings. The solutions were often unable to penetrate these masses 
and as a result only the peripheral eggs were killed while those in 
the center of the mass developed normally. 

The effect of resorcinol upon ascaris eggs. The rapidity with 
which the different solutions kill the ascaris eggs is shown in Table 
I. In a 1% hexylresorcinol suspension the eggs were all killed 
within 5 minutes. Immediately after this immersion they appeared 
cleared, the cytoplasm changing from the usual deep brown to a very 
light yellow. 

Hexylresorcinol is soluble in tap water, which is approximately 
neutral, to an extent of about 0.05% ; ascaris eggs left as long as 15 
hours in solutions of this strength developed normally to the em- 
bryonated stage. However, after 27 hours in this solution a num- 
ber of the eggs were killed and the number of dead eggs increased 
until after 386 hours (16 days) in this solution all of the eggs were 
dead. 

Since hexylresorcinol is more soluble in alkaline solution, in 
making up the 0.1% solutions, 0.2% sodium bicarbonate was added. 
The majority of the eggs in this solution were killed in from one 
to 2 hours and were all killed in 5 hours. A small percent of the 
eggs were killed in 30 to 45 minutes. Eggs develop normally in a 
0.01% hexylresorcinol solution. 

The effect of hexylresorcinol upon ascaris eggs is considerably 
decreased when the hexylresorcinol is dissolved in an efficient sol- 
vent. Thus a 0.1% solution of hexylresorcinol in 30% glycerine 
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(S.T.-37 of Sharp and Dohme) permitted normal development of 
the eggs. This same effect of solubility is further shown by the 
fact that a 1% hexylresorcinol solution made possible by the addi- 
tion of 1% potassium hydroxide, did not prevent the normal devel- 
opment of the eggs. The increased solubility of the hexylresorcinol 
seems to prevent its being taken up by the ascaris eggs. This in- 
ability of the eggs to remove hexylresorcinol from solution is 
similar to that reported by Lamson, Ward, Brown (unpublished 
data) who show that the adult worm likewise is very slowly acted 
upon by hexylresorcinol when in solution in olive oil and glycerine 
in which it is quite soluble. On the other hand dilute aqueous 
suspensions and solutions kill them very rapidly. 


TABLE II. 
The Effect of Hexylresorcinol Solutions Upon the Eggs of Ascaris swum. 
Eggs with outer albuminous coat removed. 


Time in 0.1% Hexyl- 0.05% 30% 
solution resorcinol Hexyl- S. T.-37 Glycerine | 1% KOH 
resorcinol 
Embryo- Embryo- Embryo- Embryo- 
15 min. All dead nated nated nated nated 
Active Active Active Active 
1 hr. >?) 9? 9? 2) 2) 3?) 
5 as raed rhe) Wh) 2? >? 3) 
15 2?) 2) 2? 2) 99 2) 9?) 
Paes as. Few dead |Maj’y dead 72 2; 
48 7 NT Many dead |All dead ed 22 
100 9? $Me) a9 All dead 2) 9 ”? 2? 


196 9 9 Die 9? a? bd 23 >?) a2. 
386 ) 99 ? MY ) a) ae. 9) 9? 


Ascaris eggs, the outside albumin coating of which had been re- 
moved by 1% potassium hydroxide, were killed more rapidly by 
the hexylresorcinol solutions than were the eggs with albumin coat- 
ing intact (Table II). Those in the 0.1% hexylresorcinol solution 
were all killed within 15 minutes while those in the 0.05% solution 
and S.T.-37 were all killed within 100 and 48 hours respectively. 
The greater rapidity with which hexylresorcinol kills the ascaris 
eggs the albumin shell of which has been removed indicates that 
this layer aids materially in the resistance of ascaris eggs against 
chemicals. The hexylresorcinol is a protein precipitant and probably 
precipitates the albuminous layer to some extent, for ascaris eggs 
left in the hexylresorcinol solutions develop a changed albuminous 
outer coating as shown by the fact that it becomes much more com- 
pact and that a 1% KOH solution will no longer remove it in 48 
hours, while with eggs not treated with hexylresorcinol this re- 
moval is a matter of a few minutes. 


a 


INTERRELATION BETWEEN SECRETION AND INCRETION 1039 


The action of resorcinol solution upon ascaris eggs is very differ- 
ent from that of hexylresorcinol. Resorcinol solutions of 0.1% 
and 1% permit normal development of the eggs, while those in a 
5% solution did not develop past the one cell stage. This lack of 
action may be due to the great solubility of resorcinol in water. The 
difference in action on ascaris eggs of resorcinol and hexylresorcinol 
is in accord with the work of Leonard’ who showed that the bac- 
tericidal action of resorcinol is increased by the addition of an 
alkyl chain and reaches its maximum activity with a 6 carbon 
straight chain group (n-hexylresorcinol). 


Effect of hexylresorcinol upon hookworm eggs and larvae 
(Ancylostoma caninum). 

Hookworm eggs are killed within 24 hours by a 0.05% solution 
of hexylresorcinol. Hookworm eggs contained in fluid feces to 
which was added 25 cc. of 0.05% hexylresorcinol, or 25 cc. S.T.-37 
solution, all failed to develop and after 8 days were distinctly de- 
generated with their cytoplasm in a single dark mass. Controls 
to which 25 cc. of tap water had been added showed eggs in all 
stages of development as well as active rhabditiform and filariform 
larvae. 

Some of the early filariform hookworm larvae placed in .05% 
hexylresorcinol and in S.T.-37 lost their activity within 5 minutes 
and were all dead in 10 minutes. Larvae in a 30% glycerine solu- 
tion were likewise killed (possibly an osmotic effect) so it is not 
likely that the hexylresorcinol of the S.T.-37 was the only factor 
in their death.f 
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Interrelation Between Secretion and Incretion. 


E. S. LONDON anv N. P. KOTSCHNEFF. 


From the Department of General Pathology, State Institute of Experimental 
Medicine, Leningrad. 


All attempts of different investigators to find out the interrelation 
between the external and internal secretion of the pancreatic gland 
have not been successful because the methods used, evaluation of 


5 Leonard, V., J. Am. Med. Assn., 1924, 83, 2005. 
+ The hexylresorcinol for these experiments was kindly given us by Dr. Veader 
Leonard. 
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blood sugar in the peripheral blood,” * * or acute pancreatico jugular 
transfusion experiments on anesthetized dogs* lack the conclusive- 
ness of direct physiological research under natural conditions. 

We used angiostomized dogs with pancreaticoduodenal and ad- 
renolumbal canulas. We know the secretion curves of pancreatic 
juice of the dog after feeding with proteins, carbohydrates and 
fats. We built up curves of insulin and adrenalin incretion during 
digestion of the same species of food. 

Comparison of the curves of external and internal pancreatic 
secretion shows no parallelism. 

After feeding with cream, which is usually followed by abundant 
secretion of pancreatic juice, no insulin incretion at all could be 
detected. After feeding with meat, after which, during the first 
hours, a rapid rise of external pancreatic secretion is always ob- 
served, not until the fifth hour of digestion did some internal secre- 
tion begin, lasting a short while. It is only after feeding with 
bread that one could find some relation between secretion and in- 
cretion of the pancreas both being represented with high curves, 
though there is no real similarity between them. 

High curves of insulin incretion are in this case the result of 
abundant secretion of pancreatic juice, only because of consecutive 
abundant sugar formation and absorption, increasing the blood 
sugar level, and through it the internal pancreatic secretion. It is 
not a case where excretion and incretion are the result of the same 
stimulating agent; incretion follows another stimulating agent 
which is the result of the action of the external factor on the car- 
bohydrates of the food. 

Further, on comparing the curves of insulin and adrenalin incre- 
tion after different kinds of food, we see on the whole that there is 
mostly an antagonistic relation between them. For instance, we 
have a concave curve of pancreatic incretion and a convex curve 
of that of the suprarenal gland. 


1Gley and Hazard, C. &. Soc. Biol., 1928, 69, 16, 195. 

2 Jorns, Klin. Wochenschr., 1929, 8, 2319. 

® Boldyreff, Bull. Battle Creek San. and Hosp., 1929, 24, 349. 
4Zunz and La Barre, Arch. Int. Physiol., 1930, 39, 142; 1929, 31. 
5 Babkin, B. P., Die dussere Sekretion der Verdawungs driisen. 
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Plasma Protein Distribution by the Modified Wu Colorimetric 
Method During Glucose Tolerance Tests. 


J. W. CAVETT anp L. B. WINKELSTEIN. (Introduced by F. H. Scott.) 


From the Departments of Physiological Chemistry and Physiology, University of 
Minnesota. 


Ww’ published a colorimetric method for the analysis of plasma 
proteins by use of a phospho-18-molybdictungstic acid (phenol) 
reagent. The method of fractionation and the standard used was 
modified by Gibson? and his method in essential details has been 
followed in this work. Six cc. of blood were removed by vena 
puncture, oxalated and centrifuged to obtain the clear plasma. One 
cc. of the plasma thus obtained was placed in a 15 cc. centrifuge 
tube and 2 cc. of distilled water added. To this was added 1 cc. of 
saturated ammonium sulphate thus bringing the solution to one- 
fourth saturation, precipitating out the fibrinogen. After standing 
10 minutes the fibrinogen was lightly centrifuged and the fluid 
decanted into a dry tube. One cc. of the fluid was placed into a 
second 15 cc. centrifuge tube with % cc. of water and 1 cc. of 
saturated ammonium sulphate. This brought the mixture to half 
saturation thus precipitating out the globulins. After standing 
15-20 min. the tubes were centrifuged rapidly, and the supernatant 
fluid decanted off. One cc. of this fluid and 2 cc. of water were 
pipetted into a third centrifuge tube for the albumin determination. 

After all the liquid had been drained from the fibrinogen and 
globulin, the precipitates were dissolved in 3 cc. of water. From 
this point the separated fractions were treated in the same manner. 
To each tube was added 1 cc. of trichloracetic acid (20%) and the 
resulting precipitate centrifuged out. The fluid was removed, 2 cc. 
of distilled water blown from a pipette so as to cause a dispersion of 
protein and one drop of concentrated sodium hydroxide added to 
cause solution. The volume was brought to 9 cc. 

Five cc. of standard solutions of fibrinogen, globulin and albumin 
(100 mg. per 100 cc.) were diluted to 9 cc. and placed in a water 
bath at 40°C. along with the unknowns. Clouding takes place if 
this is carried out at room temperature. Two cc. of phenol reagent 
and 3 cc. of 20% sodium carbonate were added and the tubes al- 


1 Wu, H., J. Biol. Chem., 1922, 12, 33. 
2 Gibson, R. B., private communication. 
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lowed to remain in the water bath for 10 min. They were then 
compared in a colorimeter with the respective standard. 

Standards: The albumin and globulin used for the standards 
were obtained from human ascitic fluid by fractionation with am- 
monium sulphate and heat coagulation. The fibrinogen was ob- 
tained from beef blood in a similar manner. Sodium hydroxide 
was used to cause their solution. This type of standard is proba- 
bly more accurate and is easier to compare than tyrosine. 

Calculation of results are as follows: 

Fibrinogen; 5/R = % fibrinogen when standard is set at 10. 


Globulin; .50/R x 0.4 = % globulin 29 27099 ” 
Albumin; 50/R = % albumin 2? 99°99 ” 


Normal protein distribution was studied on 26 individuals most 
of whom were medical students. The following table summarizes 
the results obtained: 


TABLE I. 
Fibrinogen Globulin Albumin Total Protein 
Maximum 0.59 2.74 5.21 7.70 
Minimum 0.33 1.42 3.33 5.95 
Average 0.46 1,93 4.35 6.71 
Standard de- 
viation. 0.06 0.28 0.42 


Figures express grams protein per 100 ec. of plasma. 


The protein distribution during sugar tolerance tests as deter- 
mined for 9 normal individuals. As hemoglobin is always reduced 
when the blood glucose increases under these conditions it was sup- 
posed that the proteins would also be diluted. However this was 
not the case. 

The sugar tolerance curve was obtained in the usual manner. 
Fifty grams of glucose were given by mouth. Blood sugar was 
determined at the fasting level and %, 1 and 2 hours after receiving 
the glucose. The protein distributions were studied at the fasting 


TABLE II. 
Protein No change] Dilution | Concentra-| Cone. 1 hr.| Dilut. 1 hr. No 
tion Dilut. 2 hr.| Cone. 2 hr.| result 

Fibrinogen 2 2 1 2 — 2 
Globulin 2 2 3 1 1 
Albumin 1 5 3 ad = 
Total 

protein 1 4 3 1 = 


—_—__CCCOOO 


Numbers express the cases out of 9, falling into each class. 


—— 
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level and the 1 and 2 hour periods. A summary of the results 
obtained is given in Table II. 

One individual showed no change in the proteins during this test. 
All of the others showed changes in one or all of the fractions but 
no correlation could be found between the protein variations and 
the blood sugar level, or the type of sugar curve. In 3 cases the 
albumin decreased and the globulin increased while in 1 case the 
reverse of this was true. In the other cases both proteins gave the 
same type of change. 

Summary: The Wu method for protein distribution as modified 
by Gibson gives a rapid, accurate method for determination of 
plasma proteins. Protein is used as a standard. During glucose 
tolerance tests there is no relation between the protein distribution 
and blood sugar as is found with hemoglobin and the blood sugar. 


5665 
An Electrophysiological Study of the “Simple” Reflex Circuit. 


LEE EDWARD TRAVIS anno HAROLD R. FOSSLER. 
From the Psychopathic Hospital, Iowa City. 


It is generally conceded that there are no well isolated reflex arcs. 
Nervous energy released in the reflex arc sense organs spreads ap- 
parently to immediately circumjacent and even to distant and per- 
haps to all parts of the central nervous system.* Positive evidence 
pertaining directly to this point has been furnished by recent ex- 
periments.’ In the rat it has been demonstrated that the electrical 
energy released in the reflex arc sense organs was conducted to all 
parts of the cerebral cortex studied. These studies did not disclose 
the possible immediacy of spread of the electrical energy in the 
cord. The energy recorded in the cortex might have reached there 
by relatively sharply delimited circuits to spread subsequently to all 
cortical fields. It might have reached there by way of all of the 
afferent spino cerebral-paths. To shed further light upon this par- 
ticular problem as well as upon the general problem of mass re- 
sponsiveness in the central nervous system the present study was 


undertaken. 


* The morphological concomitant of this physiological concept is presented by 
Michaels, J. J., J. Nerv. and Mental Disease, in press. 
1 Travis, L. E., and Herren, R. Y., J. Comp. Psychology, 1931, in press. 
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The apparatus used consisted of 2 identical, non-interfering, re- 
sistance coupled amplifiers, acoustically and electrically shielded 
which gave identical reproduction of any impressed voltage with 
respect to wave form, phase, and amplitude. With 2 equally sen- 
sitive, approximately critically damped oscillograph elements’ the 
complete apparatus made possible the faithful simultaneous record; 
ing of electrical currents from varyingly separated parts of the 
nervous system. The recording of the instant of stimulation was 
accomplished by means of a specially devised vacuum tube circuit 
which upon the striking of a small copper plate over the tendon 
activated an oscillograph element. Time values of 0.001 second 
used for reading the reflex conduction latencies were furnished by 
a General Radio Type 377 low frequency oscillator. Both sets of 
electrodes consisted of I mm. apart silver wires sharpened to needle 
points and covered with a thin coat of insulating bakelite varnish. 
The ends of the needles were bared 0.5 mm. and coated with silver 
chloride. 

The animals used were full grown white and hooded rats. The 
cord was prepared for electropuncture with the animal under gen- 
eral ether anesthetic. Experiments were conducted under light ether 
anesthetic. In all of these experiments the Achilles reflex of both 
sides was used to study electrical conduction in the cord. The rat 
was suspended in such a way as to permit free action of the hind 
extremities. 

Upon striking the Achilles tendon electrical currents consistently 
appeared in both halves of the cord. They may or may not appear 
simultaneously (Fig. 1). There seemed to be no significant and 
consistent differences between contralateral and ipsolateral reflex 


Fie. 1. 


Record of electrical changes in the right and the left side of the cord as a 
direct result of Achilles reflex stimulation, Reading from above downward the 
first record is of the instant of striking the Achilles tendon, the second of time 
in 0.001 second interval values, the third of electrical changes in the left side of 
the cord, and the fourth of electrical changes in the right side of the cord. The 
conduction latency for the left side of the cord was read as 0.0025 second and 
that for the right side of the cord was read as 0.0015 second. 


\ 
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conduction latencies (Table 1). Furthermore according to our 
readings the distance of the point of insertion of the electrodes from 
the spinal cord origin of the sciatic nerve did not make any con- 
sistent difference in the latencies. 

The data indicate that the electrical energy conducted to the 
central nervous system along the sciatic nerve is relayed immediately 
upon its arrival to both halves of the cord. 

For the rat Travis and Herren’ determined the Achilles reflex 
response latency (the time elapsing between the striking of the 
Achilles tendon and the appearance of electrical changes in the 
gastrocnemus muscle) to be 6.7 sigma. The Achilles reflex arc 


TABLE I. 
Refiex Conduction Latencies in the Spinal Cord. 


Position of Electrodes in Latency in 0.001 second 
ibtlyiy 7 ji(eantd ER aK 96s) Siar och ha Of oy tell See eegeerertas ern me Rp pao cae mane cae Tana ym 
Origin of Sciatic Nerve} Contralateral __ Ipsolateral 
Mean* Range Mean* Range 
1 One segment posterior 2.9 2.5—3.5 
2 Same 4} 2.3 2.0—2.5 2.0 2.0—2.0 
3 a ef 2.1 1.5—2.5 2.7 2.5—3.0 
4 Fed Ye 2.3 2.0—3.0 
5 a2 ag 2.2 2.0—2.5 2.2 1.5—2.5 
6 a ed 2.0 2.0—2.0 
7 co ae 3.3 3.0—4.0 
8 One segment anterior 3.0 3.0—3.0 2.5 2.5—2.5 
9 oN 22, #8 1.8 1.5—2.5 2.0 2.0—2.0 
10 ” ” ) 1.8 1.5—2.0 2.9 2.0—3.5 
algal eae ae ap 2.5 2.0—3.0 
12 ” ”? 9 2.6 2.5—3.0 2.7 2.5—3.0 
13 ”? ae ue 3.0 2.0—4.0 2.2 ee: 
14 a Dey 9 25 .0—3.9 
15 Two segments ’’ 4.1 ae 3.0 3.0—3.0 
”? 2) fh 2.5 2.5—2. 
7 Four: ”? 28, 3.0 3.0—3.0 
18 ” ” ” 2.4 2:0 —2.5 2.5 2.0—3.0 
19 we # He 2.6 2.0—3.0 2.9 2.5—3.0 
Mean 2.5 2.5 


ee eee 


* Average from 3 to 10 readings. 


consists of at least the receptor, an afferent path, a synapse in the 
cord, an efferent path, muscle end-plates, and the effector. The 
conducting circuit dealt with in the majority of the animals in the 
present study consisted of at least the receptor, an afferent path to 
the cord, and an afferent path in the cord. This latter afferent path 
may be the spinal cord portion of the afferent component of the 
sciatic nerve. It may be a separate central afferent path. Com- 
paring 6.7 sigma with 2.5 sigma (the time elapsing between the 
striking of the Achilles tendon and the appearance of electrical 
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changes in the cord) we note that the latter value represents slightly 
more than one-third of the former. Although anatomically we 
placed the electrodes at a point about midway in the Achilles reflex 
arc our mean latency value is much less than half the mean Achilles 
reflex response latency value. Electrophysiologically considered, 
the segment of the cord containing the assumed central portion of 
the Achilles reflex arc is not the half-way point in the arc. Either 
more structures or structures with higher resistances to the pas- 
sage of the electrical changes we are studying must lie between 
this commonly conceded mid-point and the responding muscle tissue 
than between the sense organs and such a cord center. 

The relatively great variations in latencies found in not only 
different rats but also in the same rat, although not readily under- 
standable, may be partially explained in that from rat to rat and 
from record to record in the same rat the depth of anaesthesia. 
varied. 

In its possible effect upon the dynamic relationships existing 
between higher and lower neural levels and upon the conducting 
circuits mediating between these levels this implied irradiation of 
the reflex influence would appear to be highly significant. 
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“Nucleoprotein” and Non-Protein Substance Isolated from the 
Gonococcus. I. Preparation.* 


ALDEN K. BOOR ann C. PHILLIP MILLER, JR. 


From the Department of Medicine, University of Chicago. 


The preparations described below were made from 12 to 18 hour 
cultures of gonococci grown on an agar medium’ containing a 
tryptic digest of egg-white from which the heat-coagulable proteins 
had been removed. The organisms were taken up in saline, centri- 
fuged, washed and again centrifuged until well packed. They were 
then extracted by suspending each cubic centimeter of packed, moist 
organisms in 200 cc. of N/1oo NaOH and allowing the suspension 
to stand over night in the refrigerator. After removal of the bac- 


* This study was made possible by a research grant from the Public Health 
Institute of Chicago. 


1 Miller, C. P., and Castles, R., Proc. Soc. Exp. Bron. AND Mrp., 1930, 28, 123. 
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terial debris by centrifugation the clear supernatant liquid was 
acidified with acetic acid to maximum precipitation. 

The precipitate comprising the so-called bacterial “nucleoprotein” 
was separated from the supernatant liquid (the subsequent treat- 
ment of which is described below) by centrifugation, redissolved in 
N/1oo NaOH, and reprecipitated with dilute acetic acid. After 
4 to 6 repetitions of this procedure, the final solution of the 
“nucleoprotein” in N/too NaOH was dialysed against distilled 
water and the neutral suspension evaporated to dryness at 40°-60°C. 
in an air current. In the dry state it has been kept at room tem- 
perature for several months without evidence of deterioration. 
The usual reactions of proteins were all positive: biuret, Millon, 
Xanthroproteic, Hopkins-Cole, sulpho-salicylic and phosphotungstic 
acid. 

The non-protein fraction was obtained from the supernatant fluid 
of the first acetic acid precipitation. This liquid was evaporated 
to small bulk (about 10 cc.) heated in a boiling water bath for 15 
minutes, filtered from coagulated protein and then treated with 
about 10 volumes of 95% ethyl alcohol. After standing long 
enough to insure complete denaturation of any denaturable proteins 
the precipitate was removed by centrifugation, dissolved in water, 
filtered, reduced to small bulk by evaporation and again treated with 
alcohol. After 2 or 3 such reprecipitations the aqueous solution was 
allowed to stand over night in the refrigerator and dialyzed against 
distilled water. The neutral solution was then evaporated to dryness 
in the same manner as the protein fraction. Like the latter it has 
been found to keep satisfactorily in the dry state at room temper- 
ature. 

This non-protein fraction gave a positive Molisch test. The 
Benedict-Fehling reaction was negative before and positive after 
acid hydrolysis. All of the tests for protein enumerated above 
were negative. It appears, therefore, to consist largely of carbo- 
hydrate, presumably a polysaccharide. 

The unexpected non-specific reactions described in the third paper 
of this series? aroused the suspicion that the repeated treatment 
with N/100 NaOH might have been so heroic as to have denatured 
the isolated substances sufficiently to alter their antigenic properties. 
This possibility was ruled out by checking an adequate number of 
precipitin reactions with preparations made by extracting washed 
CEE“ ES Ne PRES SS STC SL OE a Ta ca 


2 Boor, A. K., and Miller, C. P., Proc. Soc. Exp. Bion. anp Mxp., 1931, 28, 
1050. 
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gonococci (whose reaction was pH = 6.4) with distilled water. 
Water, however, was so much less efficient than sodium hydroxide 
as an extracting agent that its use was abandoned. 


5667 


‘“‘Nucleoprotein”” and Non-Protein Substances Isolated from the 
Gonococcus. II. Immunological Reactions with Anti- 
Gonococcus Serum. 


ALDEN K. BOOR anp C. PHILLIP MILLER, JR. 


From the Department of Medicine, Unwersity of Chicago. 


Anti-gonococcus sera were prepared by injecting rabbits intra- 
venously with washed, live organisms from 18-hour cultures grown 
on an agar medium containing a tryptic digest of egg-white.* The 
5 individual strains employed included recently isolated ones and 
old stock strains which had undergone some 400 transplantations 
in this laboratory. The rabbits were obtained from a special stock 
of snuffle-free animals. Sera against a mixture of stock strains 
and against the protein fraction described in the preceding paper’ 
were also prepared. 

No antiserum against the non-protein fraction was obtained. 

Precipitin reactions were run with each immune serum using as 
precipitinogens the protein and non-protein fractions prepared from 
each of the 5 strains. Ring tests were made by stratifying the pre- 
cipitinogen, in progressive 10-fold dilution, over the serum (diluted 
with 2 parts of saline) in small tubes of 4 mm. inside diameter. 
Readings were made after standing at room temperature for one 
hour. 

The table gives a sample of the results of the precipitin tests on 
the various protein and non-protein fractions, using rabbit immune 
sera prepared by the injection of (a) whole organisms of one strain, 
(b) the “nucleoprotein” of that strain, and (c) whole organisms of 
a mixture of strains. The titers of the “nucleoproteins” were some- 
what higher than those of the non-protein fractions. 

It is noteworthy that the anti-nucleoprotein serum gave positive 
tests with the non-protein substances. This probably indicates the 


1 Miller, C. P., and Castles, R., Proc. Soc. Exp. Bron. AND MeEp., 1930, 28, 123. 
2 Boor, A. K., and Miller, C. P., Proc. Soc. Exp. Biot. AND MeEp., 1931, 28, 
1046. 
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TABLE I. Titres of Representative Precipitin Reactions. 


————oOOO eee 
SS :{32390—e=—0—0—0OOOOoOoOoOonaoooeoo—— 


Immune Sera Prepared Against: 


Precipitinogen 
Whole organ-| ‘‘Nucleopro- | Whole organ- 
isms tein?’ isms 
Strain 1 Strain 1 | Many strains 
‘*Nucleoprotein’’ strain 1 +4++++ )/444++ +++ 44+ 
Z BE Sag +4+4++ [4444+ [4444 
is . 5 Stara eae ore et | Ee 
M6B2 +++4++ J444+4+ [44444 
De bee cede +++ 4+4+4+/+4+4+4+4+ [4444+ 
Non-protein fraction strain 1 +++ +++ selena 
a6 ay. de 3 5 an Bea a “PP Araneae 
2 a? yr ltt ttt [tt+ ++4+ 
“9 7 MOB | +4+4+ [444+ +444 
r ” ott +tt+  [4++4 


The plus marks (+) indicate the dilutions as multiples of 10; thus: 
+++ =1:1,000; +++ + =1:10,000, ete. 


presence in the “nucleoprotein” of the reactive substance of the non- 
protein fraction, which we believe to be a polysaccharide. In view 
of the process of purification it may be assumed that the polysac- 
charide is present as part of the protein aggregate. Another possi- 
bility which has not been eliminated is the incomplete removal of 
the last traces of protein from the non-protein fraction, although it 
gives no chemical tests for proteins. 

No evidence of strain specificity was observed among the 5 
strains from which non-protein fractions have been prepared. Cas- 
per® has reported (in a paper which has but recently come to our 
attention, although it was published last November) the isolation 
from gonococci of a non-protein substance, containing polysac- 
charide, which was type specific for each of 2 types which he was 
able to differentiate on the basis of agglutination reactions. He made 
his preparations from bile solutions of gonococci and employed 
them in a study of the cutaneous reactions of patients suffering 
from gonorrhoea. 


3 Klin. Wochsch., 1930, 9, 2154. 
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‘“‘Nucleoprotein’” and Non-Protein Substance Isolated from the 
Gonococcus. II]. Immunological Reactions with Anti- 
Meningococcus and Anti-Pneumococcus Sera. 


ALDEN K. BOOR anp C. PHILLIP MILLER, JR. 


From the Department of Medicine, University of Chicago. 


Using the “nucleoprotein” and the non-protein fractions prepared 
from 5 strains of gonococcus’ positive precipitin reactions were ob- 
tained with anti-meningococcus and anti-pneumococcus sera, using 
the technique described in the preceding paper.? The sera were 
obtained from 3 commercial firms and from the laboratories of the 
New York State Board of Health. The table shows representative 
precipitin titres for one of each kind of serum employed. 


TABLE I. 
Titres of Precipitin Reactions. 


Immune Sera 


Precipitinogen 
Anti-pneumococcus Anti-meningo- 
coceus 
Type I | Type II Type III 
‘‘Nucleoprotein’’strain1 |+++ |4++ [+++4++4+ |+++4+4+++ 
Ae 7 8 [+4+ [444+ f44+4+4+  f4+t+44+ 
Non-protein fraction strain 1]+++ ++/+++ +/4+4+4+ +4+4+/4+4+4++4++4+ 
Z ++ [444+ 4l+tt ttt] +++ 4444+ 
The plus marks (+) indicate the dilutions as multiples of 10, thus 


eee 1a 000; +--+ + —1:10,000 ete! 


The cross reactions with the anti-meningococcus sera were not 
unexpected, but those with the anti-pneumococcus sera were quite 
surprising. It should be noted that whereas our anti-gonococcus 
sera were precipitated by gonococcus “nucleoprotein” in higher 
dilution than by the non-protein fraction, the ratio was reversed 
in the case of the anti-pneumococcus sera. 

Precipitin reactions qualitatively similar to those given in the 
table were obtained with filtrates of broth cultures which had been 
submitted to no chemical treatment. The titres of such filtrates 
cannot be estimated because the concentration of antigen has not 
yet been determined. 


1 Boor, A. K., and Miller, C. P., Proc. Soc. Exp. Bion. AND Mxp., 1931, 28, 
1046. 


2 Boor, A. K., and Miller, C. P., Proc. Soc. Exp. Brot. AND Mxp., 1931, 28, 
1048. 
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5669 
The Invariants of the Electrocardiogram.* 


ERNEST BLOOMFIELD ZEISLER. (Introduced by Louis N. Katz.) 
From the Heart Station, Michael Reese Hospital, Chicago. 


By recording electrocardiograms with many different leads it is 
possible to find those characteristics which are common to all the 
curves, that is, which are independent of the particular lead em- 
ployed. Such characteristics are called the Invariants of the electro- 
cardiogram and correspond to the essential properties of the elec- 
trical changes created during the heart action. It is found that 
these invariants are (1) recurring cycles of 3 complexes each, and 
(2) the time-intervals between the complexes and of the span of 
the individual complexes. 


5670 


Electrocardiographic Studies in Subtotal Atelectasis and 
Pneumectomy in Dogs. 


WAYNE GORDON anv W. E. ADAMS. (Introduced by E. Andrews.) 


From the Departments of Medicine and Surgery, University of Chicago. 


Changes in the shape of the complexes of the electrocardiogram 
have been observed in pathologic intrathoracic conditions not pri- 
marily cardiac. These conditions include pericarditis,” pericardial 
effusion without demonstrable inflammation,” and lobar pneumonia.* 
Bettman and Priest* described the electrocardiograms of patients 
before and after chest operations, including in their series 7 patients 
on whom extrapleural thoracoplasty was performed. One of the 
7 developed the so-called “coronary type’ T-wave and 3 others 
diminution in the amplitude of the QRS complex. These findings 
suggested a study of the electrocardiograms of dogs following the 
production of atelectasis or the removal of one or more lobes of 


* Aided by the Emil and Fanny Wedeles Fund of the Michael Reese Hospital 
for the Study of Diseases of the Heart and Circulation. 

1 Porte, Daniel, and Pardee, H. E. B., Am. Heart J., 1929, 4, 584. 

2 Scott, R. W., Feil, H. S., and Katz, L. N., dm. Heart J., 1929, 5, 68. 

8 Shearer, M. G., Am. Heart J., 1930, 5, 801. 

4 Bettman, R. B., and Priest, W. S., Am. Heart J., 1930, 5, 366. 
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lung. The operations were done as described elsewhere by Adams’ 
and the amount of functioning lung tissue calculated according to 
his table. 

Nine dogs were studied in which collapse of one or more of the 
pulmonary lobes had taken place more than a month previously. In 
this group 2 had sinoauricular block and 4 had inversion of the 
T-waves in leads 2 and 3. One had depression of the ST segment 
below the isoelectric line with inversion of T in leads 2 and 3. 
ORS was of very low amplitude in all leads in one dog. This find- 
ing was confirmed in repeated tracings. The dogs in this series 
had from 43% to 57% of functional lung tissue. 

On one dog a tracing was taken the next day after the collapse of 
the left upper lobe. The entire right lung had been collapsed more 
than a month previously, so that at the time the tracing was taken 
only 28% of the original lung tissue remained functional. This dog 
had a notched but upright T-wave in all leads. The rate averaged 
60 per minute. There were a few points in the tracing where the 
intervals between beats were exactly half the adjacent intervals and 
it was felt that this dog probably had a marked sinoauricular block. 

One of the dogs was observed later during the collapse of the left 
lower lobe 11 days after the first tracing was taken. An electro- 
cardiogram taken soon after the onset of dyspnea, before atelectasis 
had progressed far as observed under the fluoroscope, contained a 
depressed ST interval as had been previously observed. Three 
hours later, when fluoroscopic evidence indicated the atelectasis to 
be progressed much further, the ST interval began 1.5 mm. above 
the isoelectric level, was conves downward to the isoelectric level, 
and ended in an upright T-wave. An inverted T-wave preceding 
the upright peak which had been present 3 hours previously had 
completely disappeared. Electrocardiographic tracings taken 24 
hours after the onset of dyspnea showed no further change. Fol- 
lowing this collapse the left upper lobe was the only functional lung 
tissue in this dog. 

Three dogs were examined in which there had been atelectasis 
followed by surgical removal of one or more atelectatic lobes. Of 
these one had an inverted T-wave in leads 2 and 3, two alterations 
in the shape and level of the ST segment, and one sinoauricular 
block. The amount of functional lung tissue was 33 to 57%. 

All the dogs seen in this experiment had very well-marked sinus 
arrhythmia. The sinoauricular block type of curve occurring in 4 


5 Adams, W. E., Proc. Soc. Exp. Bion. AND Mup., 1931, 28. 
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of the 13 dogs with part of the lung out of function may be con- 
sidered to differ from the sinus arrhythmia in these cases only in 
degree. Both types of rhythm are seen in normal dogs, although 
in our experience they do not occur so frequently. We consider 
these arrhythmias to be due to vagal action. The inversion of the 
T-wave is of questionable significance when the frequency of this 
phenomenon in the dog is considered. The ST changes are slight, 
but are sufficiently unusual to suggest further investigation, includ- 
ing control electrocardiograms preceding operation. We do not 
feel that we have sufficient data to explain the ST changes at the 
present time. 


5671 
Rate of Elimination of Certain Toxic Substances from the Blood.* 


M. LAURENCE MONTGOMERY anp LESTER R. DRAGSTEDT. 
From the Department of Surgery, University of Chicago. 


In certain diseases it is believed that the symptoms are due to a 
toxin which circulates in appreciable amounts in the blood stream. 
Efforts have been made to demonstrate this substance in the blood 
of diseased men and animals by chemical analysis, or by the injec- 
tion of their whole blood, blood serum or blood extracts into healthy 
animals. These injections have been given intravenously or intra- 
peritoneally. It was believed that if the individual was poisoned by 
such a toxin, the injection of his blood or blood serum into healthy 
animals would produce toxic symptoms in them. The negative 
results in these experiments have been considered proof of the ab- 
sence of such an intoxication. 

It seemed to us, however, that toxic substances might be so rap- 
idly removed from or inactivated in the blood that although an in- 
dividual was suffering from a profound poisoning, the substance 
might not be demonstrable in the blood stream. 

The following experiment was devised to test this assumption. 
Dogs were matched as for size and the compatibility of their bloods 
and were anesthetized with sodium barbital intravenously (200 to 
250 mg. per kg.) or by stomach tube (250 to 300 mg. per kg.). 
They were then prepared for the typical carotid-artery-jugular vein 


* This work has been conducted under a grant from the Douglas Smith Foun- 
dation for Medical Research of the University of Chicago. 
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crossing of circulations. In addition the transfer of blood was re- 
corded and kept equal by means of the Montgomery and Lipscomb 
volume flow apparatus.’ Heparin (30 mg. per kg.) was used as an 
anticoagulant and the blood pressure was taken from the femoral 
artery. The dogs were labeled A and B. The drug to be tested 
was injected into the femoral vein of dog A and was allowed to 
circulate for varying intervals of time, after which the 2 circulations 
were crossed. Dog B was observed for changes characteristic of the 
drug. 

To date only strychnine has been tested under control of blood 
transfer. It was found in confirmation of the chemical studies of 
Weiss and Hatcher’ that this drug was rapidly removed from or 
inactivated in the blood stream. Twice the lethal dose of strychnine 
(1.5 mg. per kg.) for an animal under anesthesia was injected into 
dog A, which promptly developed severe convulsions. Within 3 
minutes so much of the drug was removed that crossing of the 
circulations caused no convulsions, although the bloods were con- 
tinued in cross circulation for over 30 minutes at the rate of 180 
to 220 cc. per minute. In another experiment when the bloods were 
crossed 1.5 minutes after injection of a similar dose dog B devel- 
oped convulsions 12 minutes after the crossing of the circulations. 

Some experiments done without the control of the transfer of 
blood indicate that, as measured by cross circulation studies, other 
drugs also are rapidly eliminated. Tests with these and the toxic 
substances formed in or found in animals (histamine, guanidine, 
etc.) are now being made. 

This work seems to show that it may be possible for a man or 
an animal to be profoundly poisoned by a substance which cannot be 
demonstrated in the blood by transfusion experiments and that 
therefore the inability to produce toxic symptoms in healthy ani- 
mals by this means does not necessarily rule out the existence of 
such an intoxication in the diseased animals. 


1 Montgomery, M. Laurence, and Lipscomb, T. H., Am. J. Physiol., 1929, 90, 
454, 


? Weiss, S., and Hatcher, R. A., J. Pharm. and Exp. Therap., 1922, 19, 419. 
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5672 
A Method for the Determination of Enterokinase. 


ROBERT W. BATES. (Introduced by F. C. Koch.) 
From the Department of Physiological Chemistry, University of Chicago. 


Any method of assay for enterokinase is indirect, and consists in 
a determination of the amount of trypsin which the enterokinase 
can produce from a given amount of trypsinogen. The amount of 
trypsin is determined by means of its digestive action on some 
suitable protein substrate. The methods used by Waldschmidt- 
Leitz,* and Linderstrom-Lang and Steenberg’ consist in a deter- 
mination of that amount of kinase which will just give maximal 
activity to a given quantity of trypsinogen or only one-half of the 
maximal activity in a given period of time, usually 30 minutes. 

Such methods of assay involve all of the variables and possible 
errors of a trypsin assay plus a great number involved with the 
activation process. A brief study has shown that many gross errors 
are easily incurred during activation. Activation was found to 
occur in the presence of the alkaline protein substrate so that any 
method of partial activation before addition of the protein substrate 
is complicated by the additional amount of activation which occurs 
subsequently. The amount of kinase which will impart maximal 
activity to a given quantity of trypsinogen is not a clean-cut quan- 
tity. As one adds increasing amounts of enterokinase to a constant 
quantity of trypsinogen a maximum value is almost never reached. 
It is reached very gradually so that a small error at any point in the 
determination would be magnified in the final estimation. 

In assaying enzymes it is customary to have present an excess 
of substrate. Assuming the action of enterokinase to be that of an 
enzyme and since activation occurs during digestion and at a slower 
rate than at the neutral pH usually used for activation, it seemed 
logical to attempt to assay by using an excess of trypsinogen with no 
activation with the added enterokinase, other than that occurring 
simultaneously with the digestion. Such a system is obviously 
complex but no more so than when activation is carried out as a 
separate step. The results, however, show very simple relationships 
and the assay of a sample of enterokinase is easily accomplished in 
less time than that of a sample of trypsinogen since the period of 
activation is omitted. 


1 Waldschmidt-Leitz, E., Z. Physiol. Chem., 1924, 132, 181. 
2 Linderstrom-Lang, K., and Steenberg, E. M., Compt. rend. trav. Lab. Carls- 
berg, 1929, 17, 1. 
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The materials used for the enzyme solutions were dry trypsin-free 
trypsinogen powders and acetone defatted duodenal mucosa. The 
protein substrate was 6% casein in 0.4% sodium carbonate. The 
amount of digestion was determined by observing the change in 
refractive index of isoelectric filtrates of the substrate at once and 
after 4 hours digestion at 37°C. 

It has been found that below a change of R.I. of 5 scale divi- 
sions on a Bausch and Lomb immersion refractometer, the change 
is almost directly proportional to the concentration of the trypsin. 
By using trypsinogen equivalent to 4 times the amount of trypsin 
which will cause a refractive index change of 5, and adding variable 
amounts of enterokinase, it was found when the total resulting 
change in refractive index is less than 5 scale divisions, that this 
change is directly proportional to the concentration of enterokinase 
added. 

A Ril. = k X mg. enterokinase. 
Also, if both trypsinogen and kinase are varied the product of the 
two, times a constant, gives the change of refractive index: 
ARIL=k X mg. trypsinogen X mg. enterokinase. 
For practical work, however, it is simpler to plot a curve using a 
constant amount of trypsinogen and variable amounts of a known 
enterokinase preparation and to read subsequent values from this 
curve. This method is not free from errors, but is rapid and gives 
values more easily reproduced than other proposed methods. 


5673 
Action of Morphine on the Intestine in Peritonitis. 


C. J. WILEN anp C. A. DRAGSTEDT. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School. 


For many years the administration of morphine in peritonitis 
has been advocated by many surgical authorities. It has been ad- 
vocated not only for the relief of pain and distress, but for the pur- 
pose of putting the intestine at rest in order to restrict or prevent 
the spreading of the infection that intestinal motility might pro- 
duce. The well established observation that morphine tends to 


produce constipation was interpreted to mean that morphine did 
stop intestinal motility. 
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Plant and Miller’ reported observations that both in the dog and 
man, morphine produces an increase in intestinal tone and an in- 
creased frequency of contractions, contradicting the current con- 
ception that morphine decreases intestinal activity. 

Because of the relatively established position of the use of mor- 
phine in the treatment of peritonitis it was of interest to determine 
if the existence of a peritonitis modified the type of response to the 
usual therapeutic doses. 

Peritonitis was produced in 10 dogs by the injection of fecal 
emulsions or by allowing a segment of intestine to drain into the 
peritoneal cavity. Intestinal motility was recorded from a balloon 
placed either in a Thiery-Vella fistula or in the intestinal tract. In 
every instance the subcutaneous injection of 10 mg. of morphine 
sulphate produced an augmentation of intestinal activity which was 
not antagonized by atropine sulphate, except in 2 instances in which 
during the 12 hours preceding death, spontaneous movements were 
absent and the intestine failed to respond to either morphine or 
physostigmine. Observations on 4 cases of peritonitis at the Cook 
County Hospital have all indicated increased intestinal motility 
after morphine sulphate, as determined by auscultation of the abdo- 
men with a stethoscope before and after its administration. If it 
can be assumed that the general use of morphine in the treatment 
of peritonitis warrants the statement that its administration is 
beneficial, the interpretation of its beneficial action must be on some 
other basis than that of abolishing intestinal activity and putting 
the intestine at rest. 


5674 


Ultraviolet Point Radiation in the Production of Arrythmias in 
the Heart of the Chick Embryo.* 


MARIE iS HINRICHS anp GEORGE WARRICK. 


From the Department of Physiology, University of Chicago. 


By means of apparatus previously described,’ a point source of 
radiation could be directed on the desired spot on the developing 


1 Plant, O. H., and Miller, G. H., J. Pharm. and Exp. Therap., 1926, 27, 361. 

* Supported in part by a grant from the Rockefeller Foundation to the Univer- 
sity of Chicago, and in part by a grant from the Radiation Fund of the National 
Research Council. 

1 Hinrichs, M. A., Proc. Soc. Exp. Bion. AND MeD., 1930, 27, 354. 
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embryonic heart and its effect on the rhythm noted. Studies were 
made on embryos varying in age from 2 to 20 days, and the follow- 
ing results obtained: Short exposures of the sinus region of the 
heart produced an increase in rate of beat within 30 seconds after 
the exposure was begun. A long-continued exposure slowed the rate. 
Exposure on the ventral aspect of either auricle (at a point of visi- 
ble condensation of tissue) also produced a marked increase. Ex- 
posure of the ventricle did not change the rate of beat except when 
the point of the quartz rod was placed on the interventricular septum 
at the base of the auricles. A slight increase was then obtained in 
hearts whose rate had already been slowed. 

Also, in young hearts (2 to 6 days old), it was possible to ob- 
tain complete reversal of the direction of beat by a preliminary 
slowing brought about by lowering the temperature, and then ra- 
diating the ventricle or bulbus region. 

The normal sequence of the heart cycle may be changed by radiat- 
ing the sinus or auricle. When a heart has already slowed its rate 
of beat following continued exposure, a 1:1 auricular-ventricular 
rhythm may be gradually changed to a 2:1, and then a 3:1, and 
soon. (A 5:1 ratio was maintained in one heart for several min- 
utes before a further change was produced.) In some cases it was 
possible to obliterate the ventricular beat entirely, while in others 
the sinus alone remained beating. Partial or complete heart block 
can be produced. 


Ectopic beats of auricular origin have been obtained by local stim- 
ulation of the auricle. 

Twenty-six hearts were studied in this way, and in every case it 
was possible to modify the rate of beat or its rhythm, depending on 
the dosage used, and on the location of the point of the quartz rod 
on the heart. Tachycardia and bradycardia were studied in 11 cases, 
arrhythmias were produced in 10 hearts, while in 5 young embryos 
it was possible to reverse the direction of beat completely. 

Heart rhythms may thus be varied by producing a local change 
in physiological activity, and the effect may or may not be trans- 
mitted to other regions of the heart depending on the condition of 


(a) the region radiated, (b) the transmitting tissue, and (c) the 
remaining heart tissue. 
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Ultraviolet Point Radiation in Production of Developmental 


Abnormalities in the Chick Embryo.* 


MARIE A. HINRICHS. 
From the Department of Physiology, University of Chicago. 


By means of the apparatus described by Hinrichs, ultraviolet 
point radiation was used to locally modify the development of chick 
embryos.» At various intervals during incubation, eggs were 
opened,” and the desired region exposed for a given period of time, 
after which the shell was again sealed shut, and the incubation con- 
tinued. 

Most of the present experiments were made on the developing 
eye, and results were obtained as follows: (a) inhibition of the rate 
of development as compared with the unradiated eye, (b) killing of 
lens tissue, (c) stimulation of rate of pigment formation in the optic 
cup. The type of effect obtained depended on the dosage and the 
age of the embryo. 

Exposures of the developing brain resulted as follows: short ex- 
posure of the forebrain of a 2-day embryo produced a lateral over- 
growth on the exposed side. No such effect was obtained in the 
hindbrain. Longer exposures produced a coagulation of brain 
tissue. Exposure of the median posterior region of a 2-day em- 
bryo caused degeneration of that region. 

Even moderate exposures of the heart (40 sec.) produced a slow- 
ing of the rate of beat in a 2-day chick, and on subsequent incuba- 
tion, a loss of contractility of the exposed region. 

An interesting condition was brought about following a 45-second 
exposure of the base of the aortic arches. On the exposed side, the 
arches atrophied as did also the tissues and organs supplied by 
them, while on the unradiated side, the arches and vessels were dis- 
tended, appeared larger than normal, and the organs on that side of 
the body were completely normal in their development. 

It was found that the developing tail and limb buds were rela- 
tively non-susceptible to moderate doses (45-60 sec.), while a 90- 
second exposure produced a coagulation of tissue in the hind limb 
of a 2-day chick. 


*Supported in part by a grant from the Rockefeller Foundation to the Univer- 
sity of Chicago, and in part by a grant from the Radiation Fund of the National 
Research Council. 

1 Hinrichs, M. A., Proc. Soc. Exp. Brou. anD MED., 1930, 27, 354. 
2 Hinrichs, M. A., J. Exp. Zool., 1927, 47, 309. 
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Eighty-five exposures were made, and of these 52% died as the 
result of either too high a dosage of radiation, of mechanical in- 
juries produced during the operation, or of incomplete closure of 
the shell so that bacterial infection proved fatal. Forty-one cases 
remained to undergo partial development. Of these, 5 showed no 
developmental changes in radiated regions because of too short a 
period of exposure. Modifications in the other 36 cases were 
brought about as follows: 43% in the heart and aortic arches, 
48% in the eye and forebrain regions, and 9% in tail and limb buds. 

While in these experiments mortality is high, due in part to 
factors other than radiation,” nevertheless the method is one well 
adapted for the localization of injuries during development in such 
forms as the chick. With the maintenance of a constant dosage, 
it could be adapted for testing the relative susceptibility of various 
regions of the embryo at different stages in the developmental 
period. Certainly, in these experiments, the parts of the nervous 
system tested, as well as those of the circulatory system, were far 
more susceptible than such regions as the developing limb buds at a 
corresponding age. 
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Relative Toxicity of Antiseptics on Bacteria and Tissues in 
Cultures. * 


RALPH BUCHSBAUM anp WILLIAM BLOOM. 


From the Department of Anatomy, University of Chicago. 


Lambert, Lambert and Meyer,? and German? believe that an 
ideal antiseptic is one which kills the bacteria without harming the 
tissue cells and they have accordingly devised methods of compar- 
ing the toxic effects of antiseptics upon bacteria and tissue cells 
in Vitro, 

Lambert after exposing fragments of connective tissue for sev- 
eral minutes to a saline suspension of Staphylococcus aureus trans- 
ferred them into various concentrations of mercuric chloride, po- 


* This investigation was aided by a grant from the Eli Lilly Co. 
1 Lambert, R. A., J. Exp. Med., 1916, 24, 683. 


2 Lambert, R. A., and Meyer, J. R., Proc. Soc. Exp. Bion. AND Mep., 1926, 
23, 429. 


8 German, W. J., Arch. Surg., 1929, 18, 1920. 


ANTISEPTICS IN TISSUE CULTURES 1061 


tassium mercuric iodide, potassium cyanide, Dakin’s solution, 
iodine, phenol, tricresol, argyrol, hydrogen peroxide, glycerol, or 
alcohol. After one hour the fragments were transferred to phy- 
siological salt solution where they remained from a few minutes 
to half an hour until explanted. Although most of the antiseptics 
killed the tissue cells at concentrations that did not kill the bacteria, 
a good growth of cells was observed after exposure for one hour 
to a 1:2,000 iodine solution, a strength sufficient to sterilize the 
tissue completely in most instances. 

Lambert and Meyer placed rabbit spleen fragments in a Staphy- 
lococcus aureus suspension for one minute, and then for 20 minutes 
in various concentrations of alcohol, iodine, mercuric chloride, mer- 
curochrome, acriflavin, protargol, albargin, gentian violet, neo- 
salvarsan, or hexylresorcinol. The fragments were then washed 
twice in salt solution. The best results were obtained with iodine, 
mercuric chloride, and neosalvarsan. It is possible that in these 
cultures the cells may have come from the center of the explant 
where they were partially protected. Ina second series they added 
the antiseptics directly to the culture medium. In these cultures 
higher dilutions were used, and neosalvarsan alone was less toxic 
for cells than bacteria, i. e. inhibiting bacteria in dilutions of 
1:30,000 to 1:40,000 while cells were only slightly damaged by 
these dilutions. They concluded that iodine and mercuric chloride 
are nearer the ideal than some of the newer preparations. 

German placed bits of skin of chick embryos (6 to 9 days old) in 
various dilutions of gentian violet, acriflavin, potassium mercuric 
iodide, mercurochrome or picric acid for one and 5 minutes, after 
which they were washed in Locke’s solution and mounted as tissue 
cultures in a medium of plasma and embryonic extract. To deter- 
mine the lethal points of the bacteria (Streptococcus hemolyticus, 
Staphylococcus aureus, and Bacterium coli) he placed bits of muscle 
and fascia in broth cultures of the bacteria, and then transferred 
the tissues to the antiseptic solutions. After one and 5 minutes 
they were planted on agar plates. He believed the “efficiency” of 
an antiseptic to be directly proportional to its bacteriostatic effect 
and inversely to its harmful action on the tissues. He found maxi- 
mal “efficiency indexes” (product of per cent of tissue cultures 
showing growth by per cent of bacterial cultures showing inhibi- 
tion) at the following concentrations: gentian violet 1:1600, ef- 
ficiency of 0.03; acriflavin 1:800, efficiency 0.1914; potassium mer- 
curic iodide 1:50 to 1:1600, efficiency 0.0; mercurochrome 1:400, 
efficiency 0.0132; and picric acid 1:50, efficiency 0.0975. German 
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concluded that these results show how far from perfect ( “efficiency” 
of 1.00) the antiseptics are, but added that these are only rough 
estimates because of the variability of the results. However, it 
would appear that German’s “efficiency indexes’ indicate a degree 
of precision which is in excess of that warranted by his data. Fur- 
ther, the same index may be obtained from a variety of data be- 
cause it represents the product of 2 variable percentages. 

In our study of certain antiseptics we attempted: (a) to develop 
a method that would render the figures more quantitative and stand- 
ard than seems to be possible with the methods described above; 
(b) after some preliminary experiments performed with a similar 
technique in this laboratory by Dr. R. Herrick, to compare the new 
antiseptics merthiolate (sodium-ethyl-mercurithiosalicylate) and 
metaphen (4-nitro-3, 5-biacetoxy-mercuri-2-cresol) with phenol by 
means of this technique; and (c) to determine whether the tissue 
culture technique could be simplified by substitution of some anti- 
septic for at least part of the present aseptic technique. 

Experiments were conducted using: (1) cultures of spindle cells 
cultivated in vitro for several months until all of the cells were 
morphologically indistinguishable from one another (“pure” 
strain), and (2) mixed cultures derived from the second transplant 
of periosteum of 12-day embryonic chicks. Although the “pure” 
cultures gave more precise results, the second-transplant cultures 
gave almost as consistent results and had the advantage of being 
more convenient for a standard and easily reproducible test. The 
culture medium consisted of 2 parts of chicken plasma, one part of 
embryonic chick extract, and one part of various strengths of the 
antiseptic dissolved in Tyrode’s solution. 

A laboratory strain of Staphylococcus aureus isolated from an 
infected human jaw was used as the contaminating organism. A 
24 hour colony from an agar plate was inoculated into 3 cc. of 
beef broth. The 24 hour broth culture was centrifuged and the 
bacteria taken up in 5 cc. of Tyrode’s solution; one part of this 
suspension being added to 15 parts of embryonic extract. As great 
differences in the concentration of the bacteria were found to be a 
cause of variable results, it was found necessary and satisfactory to 
follow this method. 

Five types of cultures were made: (1) antiseptic and bacteria; 
(2) antiseptic and tissue; (3) antiseptic, bacteria, and tissue; (4) 
bacteria; (5) tissue. The cultures were made with various con- 
centrations of the antiseptics and then observed for bacterial and 
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tissue growth after 24 and 48 hours. These time intervals were 
used since antiseptics are frequently allowed to remain in contact 
with the tissue cells for extended periods of time. At least 4 cul- 
tures were made with each dilution of each of the 5 types of cultures 
and these generally showed uniform results. Great care in tech- 
nique is necessary in such experiments because of the small volumes 
used. The condensed results are shown in the accompanying table. 


TABLE I. 


Showing Relative Toxicity of Antiseptics on S. Aureus and Embryonic Chick 
Periosteal Cells. 


Greatest dilution | Greatest concentra- 
that killed the bac-|tion in which cells (A,) 
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:160, 1:180 

<1000 
1:20, 1:40 
1:80, 1:100 
1:120, 1:140 
1:160, 1:180 

<1000 


* The viability of the bacteria after exposure to the antiseptics was controlled 
by inoculating the tissue cultures into beef broth. ; 

t Inhibited bacteria somewhat. A more concentrated solution could not be 
obtained without using potassium iodide. 


Hb 


Merthiolate :140,000 1:160,000 0.9 


Three kinds of results from cultures of antiseptic, bacteria, and 
tissue (type 3) require separate mention: (a) In concentrations 
that killed the bacteria in bacterial cultures (type 1), the bacteria 
in type 3 cultures were killed except immediately surrounding the 
tissue, where they grew profusely even though the explants were 
previously bathed for 15 minutes in the corresponding concentration 
of antiseptic. (b) In type 3 cultures with concentrations of anti- 
septic allowing bacterial but inhibiting cell growth, the bacteria 
grew throughout the medium, but most abundantly about the tis- 
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sue. (c) Again, in type 3 cultures, with concentrations of anti- 
septic allowing both bacteria and cells to grow, the bacteria soon 
overran the entire medium and the cells died. 

An antiseptic that would kill the bacteria at concentrations that 
would not harm the cells would have a ratio [Av]/[Ac] (an index 
of relative toxicity) of 1.0 or greater. Although merthiolate is the 
least toxic of the group as tested by us with this method, it is not an 
“ideal” antiseptic. 

The technique here described makes it possible to obtain rather 
consistent results on the relative toxicity of antiseptics on bacteria 
and living tissues, especially if some standard antiseptic is run as a 
check on the method. In stating the toxicity index, the organism 
used should be named, as is done in the case of the phenol-coefficient, 
as described by Reddish,* and also the tissue. If other types of bac- 
teria are used, it is possible that the method here described or some 
modification of it will produce an index that will be more useful than 
the present phenol-coefficient, which does not consider the effects of 
the antiseptic upon the tissue cells. 
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Effect of Hypertonic Solutions on Cerebrospinal Fluid Pressure 
with Special Reference to Secondary Rise and Toxicity. 


GEORGE MILLES anp PAUL HURWITZ. (Introduced by W. F. Petersen.) 
From the Department of Pathology, University of Illinois College of Medicine. 


The effect of hypertonic solution on the spinal fluid pressure is 
of vital importance from a clinical standpoint, since Weed and 
McKibben* show that the cerebrospinal fluid volume could be re- 
duced by intravenous injection of hypertonic solution. Cushing 
and Foley? and Foley and Putnam* applied this observation to 
clinical cases of increased intracranial pressure and it was imme- 
diately recognized of importance in the treating of head injuries. 
However, Browder* among others pointed out from clinical ob- 


4 Reddish, G. F., ‘‘The Newer Knowledge of Bacteriology and Immunology,’’ 
ed. Jordan and Falk, 1928, Ch. XXII. Chicago. 

1 Weed and McKibben, Am. J. Physiol., 1919, 48, 512. 

* Cushing and Foley, Proc. Soc. Exp. Bion. AND Mep., 1920, 17, 217. 

3 Foley and Putnam, Am. J. Physiol., 1920, 58, 464. 

4 Browder, Jefferson, Am. J. Surg., 1930, —? 1213. 
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servations: first, the toxicity of NaCl solution, and second, the oc- 
casional deaths that occur after a short period of clinical improve- 
ment after intravenous administration of hypertonic solution in 
cases of head injuries with symptoms of increased intracranial 
pressure. 

Our experiments were carried out on a series of 10 dogs and one 
man. We used various concentrations of NaCl and of glucose. The 
results were uniform. First, it was demonstrated that hypertonic 
saline has a definitely toxic effect, which in concentrations of 10% 
is manifested after immediate injection by a primary drop in blood 
pressure, associated with a rise in cerebrospinal fluid pressure; and 
in concentrations of 30% uniformly resulted in the death of the 
animal in doses of 75 cc. 

Glucose under no circumstances show toxic effect. From the 
standpoint of spinal fluid pressure, the primary drop was demon- 
strated varying in extent, depending on the concentration and vol- 
ume of the injected material, and persisting for periods varying 
with same factors. With 10% saline the total period of depression 
of the spinal fluid pressure was about 50 minutes. With 50% 
glucose the total period of depression was as long as 4 hours. In 
every instance, however, a secondary rise followed the primary drop 
which reached the levels from 20 to 100 mm. of water above the 
control level. On the basis of this secondary rise which was seen 
in every instance, we feel that hypertonic solutions of either salt 
or glucose carry a very great hazard in the presence of intracranial 
pressure. 
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Excretion of Organic Phosphorus in Urine. 


OLIVE SCHREGARDUS anp HAROLD A. BULGER. 


From the Department of Internal Medicine, Washington University School of 
Medicine, and Barnes Hospttal. 


Surprisingly large quantities of organic phosphorus in the urine 
have been recorded in certain pathological conditions. Amounts ap- 
proaching 1 gm. in 24 hours have been reported and numerous de- 
terminations varying from 0.1 to 0.3 gm. may be found. The 
excretion of so much organically combined phosphorus would con- 
stitute a striking abnormality and would bare careful investigation 
in the light of recent advances in our knowledge of the role played 
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by phosphorus compounds in nerve, muscle, and bone physiology. 
Several investigators did not note these great quantities of urinary 
organic phosphorus. However, their studies did not include many 
pathological conditions. A more extended search was, therefore, 
made to find instances of such an abnormal state. 

The organic phosphorus was separated from the inorganic by 
treating the urine with Mathison’s’ magnesium citrate mixture. 
The filtrate was tested for complete precipitation by Scott’s’ reagent 
and an aliquot digested with sulphuric and nitric acids. The digest 
was neutralized and prepared for colorimetric readings according 
to Benedict and Theis. It was unnecessary for the subjects of study 
to be placed on a specific dietary regimen since it has been found that 
ingestion of various kinds of organic phosphorus compounds does 
not increase the organic phosphorus excretion. 

The following diseases were included in this study: hyperpara- 
thyroidism, hypoparathyroidism, hyperthyroidism, diabetes in- 
sipidus, diabetes mellitus, chronic arthritis, Paget’s disease, amyo- 
trophic lateral sclerosis, syphilis of central nervous system, tuber- 
culous meningitis, epidemic encephalitis, cardiac decompensation, 
lobar pneumonia, pulmonary emphysema, psoriasis, dermatitis 
herpetiformis, obstructive jaundice, carcinomatosis, and Hodgkin’s 
disease. The effects of general anaesthesia and the febrile reactions 
following intravenous typhoid vaccine were also included. The 
amount of organic phosphorus excreted in the urine was invariably 
quite small. The average was 13.4 mg. in 24 hours; the maximum 


49 mg. 
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Increase in Cholesterol Content of Gallbladder Bile Following 
Ligature of Cystic Duct. 
ROBERT ELMAN anp J. B. TAUSSIG. (Introduced by Evarts A. Graham.) 
From the Department of Surgery, Washington University Medical School. 


The action of the gallbladder wall on the cholesterol content of the 
bile within its lumen has long been the subject of much dispute. To 
study this problem experimentally a number of different procedures 
were carried out. One of these consisted in ligating the cystic duct, 


1 Mathison, G. C., Biochem. J., 1909, 4, 233. 
2Scott, F. H., J. Physiol., 1906-97, 25, 119. 
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aspirating a sample of the gallbladder contents and comparing its 
composition with that obtained several days afterwards. As such a 
puncture tends to leak it is necessary to tie a ligature around it, 
which usually causes a more or less severe inflammatory reaction. 
To obviate the effects of the ligature on the wall of the organ, at the 
suggestion of Dr. W. H. Cole, gallbladder contents were obtained by 
puncturing the posterior wall of the viscus, introducing the needle 
through the liver parenchyma, thus doing away with the necessity of 
tying a ligature. In some experiments we incised the cystic duct, 
aspirated through this opening and ligated on either side. In other 
experiments only a few cc. were removed and the correction due to 
change in volume by concentration (through absorption of water) 
or dilution (through the secretion of mucus) taken into account by 
measuring the bilirubin of the bile each time. In only one case out 
of seven was there evidence of absorption of cholesterol by the gall- 
bladder. In this experiment there was an increase in the cholesterol 
concentration of 93% during 2 days but since the bilirubin concen- 
tration increased 107% it is obvious that a small amount of chol- 
esterol had disappeared and presumably had been absorbed. This 
difference is slight and may even be within the range of experi- 
mental error. In the other 6 experiments there was a much more 
marked increase in cholesterol concentration than in the bilirubin. 
In 3 of them this increase was found in spite of a decrease in the 
concentration of bilirubin, this decrease being presumably due to 
dilution from the secretion of mucus. In dog 166 at autopsy nearly 
all the bile had been absorbed, including the bile pigments, yet there 
was an abundance of cholesterol crystals found in the shrunken 
lumen of the gallbladder. 

In 3 other dogs the entire content of the gallbladder was removed 
and a measured amount of bile reintroduced, keeping a sufficient 
sample for analysis. This obviated the necessity of bilirubin deter- 
minations since the cholesterol content and volume of the bile rein- 
troduced was known. In each case a definite increase, 7. e., 18, 49, 
and 300% in the total amount of cholesterol in the bile during its 
sojourn (2, 3 and 16 days respectively) in the gallbladder. Since 
the cystic duct was closed we may infer that the increase came from 
the wall of the gallbladder. 

The réle of infection was noted incidentally in many of these ex- 
periments by study of the gallbladder wall at autopsy. Unfortu- 
nately these observations were limited. Most of the specimens 
showed no evidence of inflammatory change. In dog WH in which 
definite changes were noted, however, the increase in cholesterol was 
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quite marked. On the other hand, in Dog B45 in which the great- 
est increase (300%) in the cholesterol content of the gallbladder 
bile was found, no inflammatory changes were made out. However, 
this experiment was of 16 days’ duration, and an acute inflammation 
may have occurred and subsided, leaving no histological trace. 

The high cholesterol content of the peritoneal fluid in Dog 830, 
where there was a localized peritonitis, may be explained by the fact 
that inflammatory exudates in general may contain much choles- 
terol... The method for quantitating cholesterol was the colorime- 
tric one and will be described in detail elsewhere. That used for bili- 
rubin is described in a paper by Rous and McMaster.’ 


5680 
Addition of Cholesterol to Hepatic Bile Subjected to Gallbladder 


Influence. 


ROBERT ELMAN anv J. B. TAUSSIG. (Introduced by E. A. Graham.) 
From the Department of Surgery, Washington University Medical School. 


To study the influence, if any, of the gallbladder on the choles- 
terol content of bile, a series of experiments were performed in 
which a “partitioning ligature’’ was so placed* that 2 portions of 
the liver were drained into separate rubber balloons through intuba- 
tion of the common duct. One part of the bile flowed directly from 
the liver, whereas the other part was subjected to gallbladder in- 
fluence, before flowing into the collecting bag. This device was 
first used by Rous and McMaster’ in their classic studies on the con- 
centrating activities of the gallbladder. 

Dog. I, weight 12 kg., under ether anesthesia a ligature was placed 
around the common duct just proximal to 2 hepatic ducts which 
were then made to drain directly into a rubber balloon intubated at 
the termination of the choledochus. A second balloon was con- 
nected with the common duct proximal to the ligature. This drained 
the rest of the liver, including the gallbladder which, however, was 
first completely emptied. The abdomen was closed in layers and 
the bags left therein. Five days later the dog, in excellent condition, 
was killed with chloroform. The upper bag (in connection with 


1 Wells, H. G., Chemical Pathology, 5th Edition, Philadelphia, 1925, 301. 
2 Rous, P., and McMaster, P. E., J. Hap. Med., 1921, $4, 47. 
1 Rous, P., and McMaster, P. D., J. Hap. Med., 1921, 34, 47. 
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the gallbladder) contained 105 cc. of cloudy infected bile and was 
found to have drained 90 gm. of liver. The lower bag (from the 
liver directly) contained 205 cc. of clear bile and had drained 225 gm. 
of liver. Bilirubin comparisons to evaluate the degree of concen- 
tration by the gallbladder could not be accurately made because of 
the presence of infection in one of the specimens. Comparison of 
the cholesterol content revealed striking differences. The gallblad- 
der bile contained 1.1 mg./cc., the hepatic bile but 0.06 me CC:, 
values in accord with many estimations of isolated gallbladder and 
hepatic biles from many dogs, as will be reported later. The differ- 
ence in the bile subjected to gallbladder influence is even more evi- 
dent if one calculates the output per gm. of liver drained. The bile 
in the upper (gallbladder) bag contained 1.3 mg. of cholesterol per 
gm. of liver drained, the lower one but 0.05 mg. That concentra- 
tion by the gallbladder could not account for these differences is 
obvious from the fact that 105 cc. and 225 cc. were put out by the 2 
portions of the liver. 

In 5 other dogs a simpler method of performing this experiment 
was adopted by using only one bag, emptying the gallbladder either 
by puncture through the wall (introducing the needle behind through 
the liver parenchyma to avoid the necessity of tying the puncture 
hole) or by passing a catheter into it through the opening in the 
common duct. 

The output of bile pigment per gm. of liver drained was (with 
the exception of dog BB) almost exactly the same from each part of 
the liver. This agreement was taken as evidence that the bile flow- 
ing into the gallbladder and into the balloon from the 2 parts of the 
liver was primarily the same. Subsequent differences therefore 
could only be due to the action of the gallbladder on the bile flow- 
ing above the partitioning ligature. Since the experiment lasted 
but 48 hours the pressure in the isolated gallbladder system could 
not have become great enough to influence secretion. 

The results confirm, as to the bile pigment content, the concen- 
trating action of the gallbladder. The cholesterol of the gallblad- 
der contents, however, was in each case greater than mere concen- 
tration of the bile could account for. This can be best seen by cal- 
culating the cholesterol output per gm. of liver drained. In the 5 
dogs studied the gallbladder bile contained 153%, 122%, 27%, 
18% and 67% more cholesterol per gm. of liver drained than the 
hepatic bile from the rest of the liver. These results indicate that 
in some way cholesterol was added to the bile by the gallbladder 


wall. 
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The role of infection seems to be an important one, first as shown 
by the first experiment described (Dog I) in which the infected 
gallbladder bile contained a very high content of cholesterol. In 
Dog Y, in which acute inflammatory changes were noted in the 
section of gallbladder wall, the greatest amount of the cholesterol 
was found in the gallbladder bile. Sufficient study of this factor, 
however, has not been made, although there is other evidence to 
be mentioned later which suggests also that infection may increase 
the output of cholesterol by the walls of the biliary tract. 

Some of these dogs were fed large amounts of fat-containing 
food, but the effect of a high cholesterol diet is difficult to judge 
from these few experiments. There is, in general, much conflict of 
opinion as well as of evidence on this point. 
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Cholesterol Content of ““White Bile’ from Various Sources, 
Including Contents of “‘“Hydrops’’ of Gallbladder. 


ROBERT ELMAN anp J. B. TAUSSIG. (Introduced by E. A. Graham.) 
From the Department of Surgery, Washington Uniwersity Medical School. 


During experiments on the biliary tract of dogs a number of in- 
stances of so-called white bile were observed, one from the gall- 
bladder and the others from the ducts. Several human cases were 
also encountered in which hydrops of the gallbladder was found at 
operation. These specimens were all analyzed for their cholesterol 
content. 

The significance of these observations concerns the question of 
the function of the gallbladder and bile ducts as regards the choles- 
terol of the bile. Is cholesterol absorbed or is it secreted by the 
bile duct and gallbladder epithelium? Or is it indifferent to the 
activities of these cells? Study of “white bile’ furnishes one way 
of getting suggestive information as to these questions since it is 
well known that this secretion is a product not of the liver but of 
the duct mucosa. The colorless fluid found in hydrops of the gall- 
bladder must similarly be a product of its wall since in these cases 
the cystic duct is occluded. 

In 4 cases of hydrops in the human 2 gave 0.19, 0.45 mg. per cc. 
of cholesterol, and 2 cases gave macroscopic cholesterol crystals. 
Stepp and Nathan’ found 0.64 mg./cc. of cholesterol in the contents 
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of an “acute hydrops” of the gallbladder. Winternitz,? however, 
in another case finds “cholesterol absent”. The method he used is 
not mentioned. Naunyn’ states that cholesterol is present in such 
fluid, but always in small amounts. Fowweather and Collinson‘ 
found up to 0.92 mg./cc. in 9 cases. In one of our cases (G. C. C.) 
no evidence of inflammation was made out on section of the wall, 
but since the lesion had been present for some months with no acute 
symptoms it is probable that it had subsided, leaving no trace. The 
other 3 cases all showed evidence of inflammation. 

The findings in dogs include 5 instances in which the colorless 
secretion of the common duct, isolated by ligature, was collected and 
analyzed. They all contained cholesterol in concentrations varying 
between 0.047 and 0.085 mg./cc. values somewhat less than that 
present in normal (hepatic) bile in dogs as found in many isolated 
determinations by us. Rous and McMaster’ report that ‘“choles- 
terol is practically absent as shown by the Lieberman-Burchard test 
which is occasionally negative and at most weakly positive” in 
similar specimens of “white bile.” The only one of our specimens 
which was infected contained much more cholesterol, 0.2 mg./cc., 
or over twice that of the highest value of the other 4 specimens. 
That infection tends to increase the output of cholesterol is also 
shown by the high values in the other 2 specimens, one from the 
infected dilated hepatic ducts following a total biliary obstruction 
and the other from an infected gallbladder fistula (cystic duct tied). 
These contained 0.22 and 0.50 mg./cc. of cholesterol respectively. 
That the finding of cholesterol is not due to its general presence in 
all body fluids is shown by control analyses of various samples of 
saliva, and ganglion cyst fluid, in which measurable amounts could 
not be detected. 


1 Stepp, W., and Nathan, M., Med. Klin., 1919, 15, 40. 

2 Winternitz, H., Z. f. Physiol. Chem., 1896, 21, 386. 

3 Naunyn, B., Klinik der Cholelithiasis, Jena, 1892, 106. 

4 Fowweather, F. S., and Collinson, G. A., Brit. J. Surg., 1926, 14, 583. 
5 Rous, P., and McMaster, P. E., J. H. I., 1921, 34, 75. 
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Allergic Reactions in Polio-Convalescent Children After Intra- 
cutaneous Injection of Heat-Inactivated Poliomyelitis Virus.* 


Cc. W. JUNGEBLUT. 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University. 


The experiments here reported represent a logical continuation 
of work previously published,’ ‘on the accelerated febrile re- 
sponse of convalescent monkeys to reinoculation with poliomye- 
litis virus. We interpreted our findings as indicating that recovery 
from poliomyelitic infection left the animals in a state of hyper- 
sensitiveness against the specific agent of the disease. The present 
paper purports to show that a similar condition may be demon- 
strated in children who have convalesced from a previous attack of 
infantile paralysis. We are much indebted to Dr. Charlton Wal- 
lace, Surgeon-in-Chief, and to Drs. J. M. Moore and F. J. O’Malley, 
Senior and Junior Resident Physicians of the New York State Re- 
construction Home at West Haverstraw, N. Y., for their most help- 
ful support in this investigation. 

Twenty-seven children and youths (3 to 22 years old) with a 
proven history of a previous attack of poliomyelitis several years 
ago, were inoculated intracutaneously on one arm with 0.2 cc. of 
the Berkefeld filtrate of a 5% monkey virus emulsion, which had 
been inactivated by heating for one hour at 65°C.+ A similar 
amount of a filtered and heated 5% emulsion of normal monkey 
cord was injected intracutaneously on the other arm. Both prepara- 
tions had been tested before use by culture and animal experiment 
not only for bacteriological sterility (including B. tuberculosis) but 
more particularly for freedom from live virus by intracerebral inoc- 
ulation of one monkey. All of the 27 individuals reacted to the 
killed virus in a typical allergic manner with local redness and 
slight swelling, which increased steadily from the fifth hour to the 
24th hour after inoculation. A slight urticarial reaction which 
appeared in some children during the first 2 hours after injection 
of the control material completely subsided over night, so that only 


* Under a grant from the International Committee for the Study of Infantile 
Paralysis, whose work is being financed by Jeremiah Milbank. 

1 Jungeblut, C. W., J. Exp. Med., 1931, 58, 159. 

+ We have since found that different filtrates may vary considerably in po- 
tency and that prolonged extraction of the cord is essential in order to obtain 
a maximum concentration of reacting substances in the filtrate. 
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the prick from the needle wound could be detected. The specific 
reactions were easily read after the 24-hour interval. The area of 
erythema was usually about 3 by 4 cm. in diameter, few reactions 
exceeding and fewer yet not attaining these dimensions. In almost 
half of the cases there was a darker center surrounded by a lighter 
halo. The reactions faded out rather rapidly, so that with occa- 
sional exceptions only a local area of browning persisted at the end 
of the 48-hour interval. Four more convalescent children were 
inoculated subcutaneously, 2 receiving 0.5 cc. of the killed virus 
filtrate and 2 a similar dose of the normal cord filtrate. The 2 in- 
dividuals injected with the control material exhibited no local reac- 
tion whatsoever, while the 2 which had received the virus material 
showed marked redness and induration around the point of inoc- 
ulation. In no case was there any significant change of the body 
temperature. 

Our experience with normal individuals, although too limited at 
present to warrant detailed discussion, indicates a preponderance 
of positive reactions in adults over those obtained in younger chil- 
dren. A correct interpretation has frequently been made difficult by 
the tendency of adults to react with the control material. 

Although we had failed before to obtain clearcut evidence for the 
possibility of producing local reactions in convalescent monkeys un- 
der similar conditions, we believe there can be little doubt that the 
febrile reaction in the monkey and the local reaction in the human 
are manifestations of the same state of allergy against the virus. 
If it is true, as the trend of present research would suggest, that the 
majority of older children and adults are protected against polio- 
myelitis by past latent infection, which in turn has induced viru- 
cidal antibodies, we should expect to obtain a large percentage of 
positive reactions in normal individuals of the older age groups and 
a smaller incidence among children under 5 years of age. A test in 
that form might then conceivably serve as a means of recognizing 
susceptibility to the disease. Experiments are now under way to 
compare the skin reactivity with the content of neutralizing sub- 
stances in the serum. 
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Lipid Metabolism of Tumors. IJ. Influence of Food Lipids upon 
the Nature of Tumor Phospholipid. 


MORIO YASUDA. (Introduced by W. R. Bloor.) 


From the Department of Biochemistry, University of Rochester School of Medt- 
cine and Dentistry. 


That the nature of the lipids in the animal body is influenced by 
the food lipids has been reported by previous workers. The ques- 
tion has been raised in connection with the lipid metabolism of 
tumors whether or not the same can be said about the tumor lipids or 
to what extent they are influenced by the lipids of the food. 

The tumors used in this experiment are the Jensen rat sarcoma, 
mouse carcinoma of Buffalo Strain 3 and the Crocker sarcoma of 
the mouse. The animals after the inoculation of the tumor were 
fed food composed of casein (30.6%), cane sugar (40.8), lipid 
(21.7), and salt mixture (4.9), with yeast and Oscodal as the 
sources of the vitamines. As the lipids of the food cod liver oil, 


TABLE I. 
Phospholipid Iodine Number of Liver and Tumor of Rats Fed With Different 
lipids. 
Phospholipid Weight 
Main lipid Dry sub- 
in the diet] Tissues stance gm. per Iodine Body Tumor 
% 100 gm. | number gm. gm. 
dry tissue 
Cod liver oil) Tumor 1 17.62 Usey 104 alas 20 
Du 2 17.05 8.16 93 242 31 
” 3 17.45 7.34 97 174 36 
Liver 1 29.00 11.18 130 
”? 2 27.65 10.80 127 
me 3 27.50 9.40 133 
Butter Tumor 1 21.30 6.62 88 164 50 
”? 2 17.82 6.30 75 247 59 
”? 3 16.55 7.14 80 201 78 
Liver 1 33.80 6.67 97 
2? 2 25.30 8.95 85 
HD 3 22.60 10.30 84 
Linseed oil| Tumor 1 17.55 6.70 97 194 35 
” 2 22.10 5.30 100 281 84 
” 3 17.35 5.20 96 164 50 
Liver 1 27.70 10.08 108 
me 2 33.20 7.50 114 
2 3 25.80 10.93 vital 
Cocoanut Tumor 1 17.85 8.50 85 205 26 
oil a 2 17.80 8.94 75 320 26 
Me 3 16.95 8.99 85 PA Vy/ 41 
Liver 1 26.10 11.09 94 
2 2 27.30 11.23 102 
2 3 26.85 8.40 100 
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butter, linseed oil and cocoanut oil, that is, the high and low iodine 
number animal and vegetable lipids, were used. After a consider- 
ably long time of feeding with these special diets, 5 to 7 weeks in 
case of the rat tumor and about 2 months in the other cases, the 
animals were killed and the iodine number of the tissue lipids was 
determined by the micromethod in which pyridine sulphate dibro- 
mide of Rosenmund and Kuhnhenn was used as a halogenizing 
agent and the lipids by the oxidative method of Bloor. The accu- 
racy of this method for iodine number compared with macro- 
method was discussed, and the conclusion that this micromethod is 
available for the iodine number determination was emphasized. The 
phospholipid iodine number of the tissue lipids of the tumor ani- 
mals was first studied. The results are shown in the following 
tables, and in summary it may be said that the iodine number of 
the phospholipid of tumors is dependent upon the food lipids like 
that of other tissues of the body. The iodine number of tumor 
phospholipid is lower than that of liver. The brain phospholipid 
of the mouse does not seem to change its iodine number by 2 
months’ feeding with different lipids. 


TABLE II. 
Phospholipid Iodine Number of Tumors and Other Tissues of Mice Fed With 
Different Lipids. 
Tumors: Adenocarcinoma, Buffalo Strain 3; Sarcoma, Crocker.* 
Tissues of 6-10 mice were combined, from which adequate amounts of various 
tissues were taken for the extraction of the lipids. 


Phospholipid 
Main lipid in Dry substance 
the diet Tissues % gm. per 100 
gm. moist Iodine number 
tissue 

Cod liver oil Carcinoma 18.55 1.000 100 
Liver 29.20 3.235 122 
Kidney 21.03 1.985 116 
Spleen 22.10 1.585 102 
Heart 2.280 142 
Brain 6.425 81 

Butter Carcinoma 20.00 735 97 
Liver 28.10 3.005 112 
Kidney 23.00 2.300 115 
Spleen | 23.05 1.320 104 
Heart 2.100 138 

Cocoanut oil Sarcoma, 19.20 0.905 63 
Liver 27.40 2.430 90 
Kidney 2,490 98 
Spleen 1.665 88 
Heart ; 2.520 107 
Brain 5.825 87 
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Effect of Copper and Iron on Hemoglobin of the Rat in Nutritional 
and Hemorrhagic Anemias. 


CHARLES SPENCER WILLIAMSON anp PAUL EWING. 


From the Department of Medicine, University of Illinois College of Medicine. 


Following Hart, Steenbock’ et al. on the influence of minute 
amounts of copper in improving the hemoglobin in rats with nutri- 
tional anemia it seemed desirable to determine whether or not this 
same thing could be obtained in the anemia of the rat induced by 
repeated bleedings. 

We have compared two series of rats, (1) a group made anemic 
by long continued milk diet; (2) a group of normal animals made 
anemic by repeated bleedings. In both groups the animals were of 
the same age and weight, and treated exactly alike in every other 
particular. 

Group I. Nutritional Anemia Group. These rats were kept on a 
diet of milk until they showed a definite anemia, and then divided 
into 3 sub-groups. The first sub-group was kept on milk only. 
The second sub-group was kept on milk with the addition of iron 
and copper. The third sub-group was kept on milk with iron only. 
The amount of iron used was 3 mg. per rat per day given in the 
form of ferric ammonium citrate. The amount of copper used was 
one-tenth milligram per rat per day, in the form of copper sul- 
phate. We had on hand a considerable amount of the iron salt from 
our former experiments, and this was carefully analysed for the 
presence of copper as an impurity, and was found to contain only 
very slight traces of the latter metal. 

After a preliminary examination of the blood of a few trial ani- 
mals had shown that they had become sufficiently anemic the hemo- 
globin of all the animals was determined spectrophotometrically. 
Where relative results are wanted this is the most accurate method 
at our disposal for the determination of hemoglobin. These figures 
are recorded in each sub-group under the caption “First determina- 
tion.” On the twenty-fourth and fifty-fourth days afterwards other 
determinations are made, which are recorded in ‘the corresponding 
columns of each sub-group. 

Table I summarizes results for 54 days; in those fed on milk only 


1 Hart, E. B., Steenbock, H., Waddell, J., and Elvehjem, 0. A., J. Biol. Chem., 
1928, 77, 797. 
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SUMMARY OF TABLE I. 
Nutritional Anemia, 
S6———ooeeeeeeeleleleeee 
1st Determina- | 2nd Determina- | 3rd Determina- No. of 


tion tion tion Rats 
Diet of milk only 0.915 0.871 0.810 26 
0.829 Var 0.729|0.785 Var 0.696/0.662 Var 0.535 
ca plus copper 0.874 1.017 1.008] 28 
[OATS Be 0.785 Var 0.667/0.984 Var 0.91810.937 Var 0.842 
Milk plus iron 


0.908 0.924 0.785| 24 
0.821 Var 0.715|0.874 Var 0.735/0.692 Var 0.589 


Nore: The figures given are averages. Such determinations as were greater 
than the average were again averaged, and this result is the numerator of the 
fraction. In the same way, the denominator is the result of treating those de- 
terminations below the average in the same way. 


the hemoglobin was lowered from an average of 0.829 to 0.662. In 
the sub-group on milk with iron only added the hemoglobin went 
down to approximately the same extent, from 0.821 to 0.692. 

It is interesting to note in this group in the determination made 
24 days after that there is a slight rise, namely to 0.874, hardly 
more than a normal variation, and this moreover is not maintained. 

In the sub-group on milk with the addition of both iron and cop- 
per there is a very striking improvement. Beginning with a con- 
centration of 0.785 there is an immediate increase in the hemo- 
globin to 0.984 which remains up to 0.937 on the fifty-fourth day. 

To any one thoroughly familiar with the spectrophotometer the 
difference is much more striking than these figures would indicate, 
and it was almost possible to pick out the rats which had copper at 
the first glance through the instrument. 

This confirms the work of Hart and Steenbock that in the nutri- 
tional anemia of the rat the addition of a minute amount of copper 
to the diet produces a prompt and satisfactory increase in the hemo- 
globin, whereas the addition of iron alone not only fails to produce 
an increase in the hemoglobin but fails even to check the progressive 
development of anemia. 

Hemorrhagic Anemia. The second set of experiments concerned 
itself with the anemia produced by abstraction of blood. A hemo- 
globin determination was made on a large group of healthy animals. 
They were then placed on the standard iron-free (iron-poor) diet 
used in our previous work and then divided into 2 similar groups 
and the following day all were bled one-third of their blood volume. 
A similar amount was removed again 7 days later. Subsequent 
hemoglobin determinations were made on the twenty-fourth and 
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seventy-first days after bleeding. The results are summarized in 


Table IT. 
SUMMARY OF TABLE II. 
Hemorrhagic Anemia. 


Before Bleeding} 24 Days After No. of 
} Bleeding Rats 
Control Group 0.899 0.787 0.886] 49 


Ce iron-!9 891 Var 0.73110.708 Var 0.627|0.817 Var 0.723 
ree 
Copper and iron 0.898 0.809 0.914 51 


2 0UR. 0.803 Var 0.72510.716 Var 0.633/0.791 Var 0.641 


The results are very different from those obtained in the nutri- 
tional group. The rats in the sub-group receiving copper and iron 
in addition to the diet had a concentration of 0.803 before and 0.791 
on the seventy-first day after bleeding. An intermediate reading 
was taken to determine the rate of change. In other words, in this 
group the hemoglobin was almost exactly the same on the seventy- 
first day as in the beginning, whereas in the nutritional group, a 
marked improvement occurred as early as the twenty-fourth day, 
which remained at substantially the same level on the fifty-fourth 
day. In the sub-group used as control, we find a concentration of 
0.821 before and 0.817 on the seventy-first day after bleeding. Ex- 
pressed in another way, the group treated with the addition of iron 
and copper to a standard diet did not improve either more rapidly 
or to a greater degree than those on a standard control diet alone. 

Conclusions: In rats with nutritional anemia the addition of iron 
and copper to the diet produces definite and prompt improvement 
in the hemoglobin concentration. In rats with anemia produced by 
repeated abstraction of blood the addition of iron and copper to 
the diet produces no perceptible effect. 


5685 
Fermentation of Glucosamine Hydrochloride by Bacteria. 


ARTHUR W. WALKER. (Introduced by A. A. Day.) 
From the Department of Bacteriology, Northwestern University Medical School. 


With the exception of a few observations on glucosamine the 
fermentation reactions of micro-organisms on the hexosamines have 
not been studied. Inasmuch as these nitrogenous sugars contain a 
carbohydrate and an amino group, both of which are necessary for 
the growth of bacteria, an investigation of the metabolic activities 
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of different organisms on these substances might be of value. Ab- 
derhalden and Fodor’ reported that B. tenuis fermented glucosamine 
hydrochloride. Meyer® found that glucosamine hydrochloride was 
fermented by such organisms as he used in the same manner as glu- 
cose is fermented with the exception of B. paratyphosus A, which 
formed acid only in glucosamine. Noble and Knacke® found varia- 
tions in the ability of different strains of B. diphtheriae and diphth- 
eroid organisms to ferment glucosamine hydrochloride but no rela- 
tionship between these differences and virulence. The organ- 
isms capable of fermenting glucose all fermented glucosamine 
hydrochloride except B. mesentericus, yeast and possibly B. proteus. 
The amount of acid formed by B. proteus was slight, the reaction 
delayed and transient, and therefore doubtful whether or not due to 
the fermentation of the glucosamine. B. paratyphosus A formed 
gas in glucosamine hydrochloride. This is contrary to the findings 
reported by Meyer. 

B. coli and B. mucosus capsulatus grew well in a medium contain- 
ing only inorganic salts and glucosamine hydrochloride. There was 
an accumulation of free ammonia in the medium indicating that 
deaminization is one part of the mechanism by which bacteria split 
a molecule of glucosamine. It is probable that it is the initial step 
leaving the hexose free to be acted on as such because in all cases 
observed, when an organism ferments glucosamine, the fermenta- 
tion proceeds in the same manner as when that organism is acting 
on any monosaccharide. 

There is still a doubt whether the sugar in the glucosamine mole- 
cule is glucose or mannose. With this in mind parallel tests were 
made with the same organisms using glucose, mannose and gluco- 
samine hydrochloride. 

The results are somewhat confusing. B. mesentericus ferments 
glucose but not mannose or glucosamine hydrochloride, B. anthracis 
ferments glucose and glucosamine hydrochloride but not mannose, 
and yeast ferments glucose and mannose but not glucosamine hydro- 
chloride. Thus we have organisms that can ferment glucose unable 
to ferment glucosamine hydrochloride and also organisms able to 
ferment mannose that can not use glucosamine hydrochloride. It 
would therefore appear that the kind of sugar in the glucosamine 
molecule is not the only factor that determines whether an organ- 
ism can or can not utilize this substance. The presence of the amino 
group and especially the carbon atom to which it is attached may be 

1Abderhalden and Fodor, Zeit. f. Physiol., 1913, 87, 214. 

2 Meyer, Biochem. Zeit., 1913, 57, 297; 1914, 58, 415. 

3 Noble and Knocke, J. Bact., 1928, 15, 53. 
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the inhibiting factor. In glucosamine the amino group is attached 
to the second carbon atom. There are other hexosamines in which 
the amino group is attached to the first, the third and the sixth car- 
bon atom. These hexosamines are being prepared and the action 
of bacteria on them will be investigated. 
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Effect of Diathermy on Concentration of Complement and 
Normal Opsonins. 


RUTH E. JUNG anp A. A. DAY. 
From the Department of Bacteriology, Northwestern Uniwersity Medical School. 


The increasing use of diathermy has augmented the need for 
greater knowledge of its effect upon the body. Such knowledge 
may aid in the elucidation of some controversial points in immunol- 
ogy since a temperature is produced without the injection of pro- 
tein or other foreign substance. Nine cases of allergic asthma 
were treated with diathermy according to the method described by 
Neymann.* The investigation was limited to a study of the con- 
centration of complement and natural opsonins, and the frequency 
and choice of time of procuring samples were restricted. The num- 
ber of treatments was 1 to 4, the time of second treatment, 2 hours 
to 17 days, and the change in opsonic index in 10 cases was 0.1 to 
0.4. Serum from a normal adult, the same throughout the experi- 
ment, was used as a control. 

Complement concentration of the patient’s serum was determined 
in the usual way employing sheep’s red blood cells and rabbit anti- 
sheep cell serum with appropriate controls. The results of such 
tests demonstrated that no significant change in the complement con- 
tent of the serum was effected by diathermy and such slight altera- 
tions as did occur are probably explainable by normal variation in 
complement or slight differences in the suspension of blood cells. 

Opsonins. A modification of the opsonic test used by Tunnicliff? 
was selected as most applicable for the conditions and material at 
hand. A heat killed laboratory strain was used, leukocytes from a 
normal control and unheated serum from patients and control. The 
opsonic index was obtained by dividing the percentage phagocytosis 


1 Neymann, J. Am. Med. Assn., 1931, 96, 7. 
2 Tunnicliff, J. Am. Med. Assn., 1926, 87, 625. 
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occurring with patient's serum by that with the control serum. It 
is probable that the minimum significant difference by this method is 
0.5. Therefore, with the possible exception of case III, the changes 
are not noteworthy. 

Summary. Diathermy did not produce a significant change in 
complement concentration nor in opsonic index within the limits of 
this investigation. It is apparent that a complete report can come 
only from a large number of cases with frequent tests at selected 


times. 
5687 
Cholesterol and Bile Pigment Changes Incident to Diets Low 
in Protein. 


M. HERBERT BARKER. (Introduced by A. C. Ivy.) 


From the Departments of Physiology and Medicine, Northwestern Uniwersity 
Medical School. 


Variable elevations of blood cholesterol have been observed dur- 
ing the past 5 years both clinically and experimentally where nitro- 
gen balance was disturbed. In order to determine the possible im- 
portance of nitrogen balance on cholesterol levels, 6 dogs were 
placed on diets adequate in regard to minerals, vitamines and 
calories, but deficient in nitrogen. The nitrogen was limited to 1 
gm. per day per animal. On this diet the urinary nitrogen excretion 


© n 
Dogmiit. 7 7 2 Q a a a ® 5 a a 0 4 & g “ & 
DATE. = my a ne y 4s oe A : a : ” n Ce) >) + s 
«| Mgms. L ¥ & y 
500 ys Q 
. a o.\ 2-0 
\ o- 2 co \O-~- 5° 2 E-O° * 
400 ; Eo OL 
‘ NX” YS 


23 
20 
6 
pis) 
20 
26 
25 
20 
26 
prs) 
20 


ea | 


22 22 er 


* Olive oil lipase. 


@ Cholesterol 
O Total Protein 
ao Albumin 

© Plasmapheresis 


CuHaRT 1. 


¥ Blood Lipasa * 
Y Van den Bergn 
y Sile in Urine 


1082 PROCEEDINGS 


ranged from .99 to 2.2 gm. per day; so that a negative nitrogen 
balance was established and could be maintained for any desired 
period. 

All dogs placed on this diet showed striking elevations in their 
total blood cholesterol and a gradual loss of weight. After 2 to 5 
weeks on the low nitrogen diet, blood cholesterol began to increase 
gradually. It increased from the control readings of 125-225 mgm. 
to 450-550 mgm. after 4 to 12 weeks. If the diet was discontinued, 
a very slow return of cholesterol to the normal level was observed 
after many weeks. If the low protein diet was continued, the 
wasting became marked and a gradual drop in blood cholesterol 
began. After the cholesterol had dropped near to or below normal, 
blood lipase’ (olive oil lipase) ordinarily appeared in increasing 
amounts. Later the Van den Bergh reaction became positive, soon 
bile appeared in the urine and the animal would refuse to eat. 
Cautious feeding of milk followed by a gradual return to the general 
ration would restore the animal only after several months. Reali- 
mentation with liberal amounts of meat was associated with a pecu- 
liar toxic state and resulted in the death of one animal not unlike 
that seen with meat feeding in cirrhosis of the liver in dogs. Total 
serum proteins and serum albumin fell 14% to 2% but failed to 
reach the critical levels for edema formation. A reduction of the 
total serum protein by plasmaphaeresis showed a return to near 
normal levels even though a severe negative nitrogen balance was 
maintained. (See chart.) Edema was noted in one animal on 
realimentation and this edema persisted for 6 weeks. 

Many details of this work are being followed and will be reported 
later but cholesterol has been regularly elevated from 200 to 400 
mg. in the dogs on a diet adequate except for nitrogen. Prolonged 
diets deficient in nitrogen seemed to produce liver damage first in- 
dicated by a fall in blood cholesterol. / This would support recent 
observations on cholesterol in parenchymatous liver damage in 
man.” Marked wasting of the body fat and muscle occurred and 
total serum proteins were slightly reduced, but edema did not ap- 
pear except in one instance and that occurred on realimentation. 
There was no relation between cholesterol and total protein levels 
or the state of water balance. 


1 Crandall, L. A., and Cherry, Ian S., Proc. Soc. Exp. Brov. AND Mep., 1931, 
28, 572. 
2 Epstein, Emanuel Z., Arch. Int. Med., 1931, 47, 82. 
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Possible Etiologic Factors in the Production of Pulmonary 
Osteoarthropathy.* 


EDWARD L. COMPERE, W. E. ADAMS anp C. L. COMPERE. 
(Introduced by Edmund Andrews.) 


From the Department of Surgery, University of Chicago. 


Periosteal new bone formation secondary to intrathoracic lesions 
such as pneumonia, empyema, bronchogenic carcinoma or tuber- 
culosis, spoken of as pulmonary osteoarthropathy or generalized 
osteophytosis, is a well recognized clinical entity. Theories of the 
factors responsible for the new bone formation have varied from 
that of toxic absorption from focal infections in the chest? to 
changes in the acid-base equilibrium through decreased aeration 
as a result of constriction of the bronchi or of lung compression 
and collapse. 

To explain the etiologic factor responsible for these peripheral 
bone changes, we have attempted to produce them in experimental 
animals. Before and after creating intrathoracic complications in 
dogs, roentgenograms were made of the long bones of the lower 
extremities and the calcium and phosphorus and carbon dioxide con- 
tent and H ion concentration of the blood serum were determined. 
These studies were repeated at varying intervals and no significant 
changes in the blood chemistry were found. 

Of 9 dogs, into whose right pleural cavity from 100 to 300 cc. of 
parafin were injected, one survived 9 months and 2 are still alive 
after a period of nearly 18 months. In each instance, in addition to 
the mechanical pressure on the lung by the parafin, there was a 
prompt pleural effusion which almost completely displaced air- 
containing tissue on the right half of the chest. No periosteal re- 
action or new bone formation along the shafts of the long bones 
could be demonstrated in any of these dogs although frequent x-ray 
examinations were made. Blood chemistry studies were made at 
frequent intervals. No consistent or significant blood changes 
were noted following the injection of the parafin. 

Using a method described by one of us,* collapse of one or more 


* This work was done in part under a grant from the Douglas Smith Foun- 
dation for Medical Research. 

1 Crump, Virchows Archiv. f. Path. Anat., 1929, 272, 467. 

2 Mills and Mumey, Arch. Int. Med., 1929, 48, 516. 

8 Adams, W. E., and Livingston, H. M., Ann. Surg., in press. 
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lobes of the lungs of 13 dogs was accomplished. One of the dogs 
developed a lung abscess and lobectomy was performed upon 5 dogs 
at varying intervals following collapse of the lobe or of the cor- 
responding lung. Roentgenograms were taken and examinations 
were made of the calcium and phosphorus and carbon dioxide con- 
tent and of the H ion concentration of the blood serum of these 
dogs. In no instance were we able to demonstrate changes in the 
long bones similar to those described as pulmonary osteoarthropathy 
and there was no consistent change in the blood chemistry. 

We were thus unsuccessful in our attempts to produce new 
periosteal bone by pressure upon a lung from a foreign body in 
the pleural cavity; stenosis of a primary or secondary bronchus; 
collapse or total absence of a lobe or of an entire lung; pleurisy with 
effusion; and solitary lung abscess. It should be pointed out, how- 
ever, that none of the above procedures produced any marked 
respiratory embarrassment and that they were not attended by any 
definite changes in acid-base balance or in the calcium and phos- 
phorus content of the blood serum. More extensive studies are 
being undertaken to explain this strange clinical phenomenon. 
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Agglutinins Produced by the Injection of Related and Unrelated 
Antigens. 


ROY F. FEEMSTER. (Introduced by C. W. Duval.) 
From the Department of Pathology and Bacteriology, Tulane University. 


In making observations upon the formation of agglutinins in 
response to injection with typhoid vaccine it was noted that there 
was a wide individual variation in the response. Some students who 
had repeatedly received typhoid vaccine on previous occasions 
failed to develop agglutinins when injected with typhoid vaccine 
in this department. Others who had never received typhoid vac- 
cine previously developed high titers. The problem presented itself 
of determining whether this difference was due to a more responsive 
antibody-forming mechanism in general or due only to the indi- 
vidual’s response to a particular antigen. 

Forty-five students were given the routine 3 doses of TAB vac- 
cine, and in addition were given 3 doses of a vaccine containing 
Staphylococcus aureus and a coccus isolated from the blood of a 
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case of measles by Drs. Duval and Hibbard. Macroscopic agglu- 
tination tests were performed for all 5 of the above organisms be- 
fore injection, and again 10 days after the last dose of vaccine. 

A glance at the parallel agglutination tests gave the impression 
that there was absolutely no relation between the ability to produce 
typhoid agglutinins and staphylococcus agglutinins, the latter being 
of course entirely unrelated to the typhoid bacillus. The impression 
was confirmed by the correlation coefficient (-.00031 + .10T). 
On the other hand there appeared to be a high degree of relation 
between the ability to produce typhoid and B. paratyphosus A ag- 
glutinins, which are related antigens. This was likewise confirmed 
by the correlation coefficient (+.302 + .og1). Unfortunately the 
B. paratyphosus B and the measles coccus were poor antigens, fail- 
ing to stimulate a sufficient amount of agglutinins from which to 
draw conclusions. 

These observations would seem to indicate that the response of 
an individual to an antigen depends not so much upon a sensitive 
immunity mechanism in general as to the sensitivity of the indi- 
vidual to the particular antigen. 
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The Antibody Response to Injection with Typhoid Vaccine. 


ROY F. FEEMSTER. (Introduced by C. W. Duval.) 
From the Department of Pathology and Bacteriology, Tulane University. 


Incidental to the investigation of another problem opportunity 
was afforded to check the results reported in a previous study upon 
the significance of the antibodies produced by typhoid vaccine.» * * 
Forty five students were injected with typhoid vaccine. Agglutina- 
tion reactions were performed before the injection, and again 10 
days after the third dose of vaccine. The results were analysed in 
the same manner as in the previous study. 

It was quite upsetting to note that in this case those who had 
not had previous vaccine responded by a marked agglutinin pro- 
duction (1/300) instead of a low average (1/66) as before, com- 
pletely reversing one of the conclusions drawn in the former work. 
On the other hand, those who had had typhoid fever responded in 

1 Feemster, Roy F., Proc. Soc. Exp. Brot. AND MED., 1930, 27, 636. 


2 Feemster, Roy F., Proc. Soc. Exp. Bion. AND MED., 1930, 27, 911. ! 
3 Feemster, Roy F., to be published in an early number of the J. Infect. Dis. 
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about the same manner this time (1/288) as before (1/285). Like- 
wise those who had had previous typhoid vaccine produced agglu- 
tinins in comparable titers in this series (1/113) as in the previous 
group (1/162). 

It is interesting to note, however, that when the 2 groups are 
combined, so that we have a total of 135 individuals instead of 45, 
the averages again return to the relation found in the first experi- 
ment, those who had had typhoid fever averaging 1/287, those who 
had had previous typhoid vaccine 1/143, and those who had had 
neither 1/115. The reversal of the average in the one group in the 
second experiment was produced by the high agglutinin titers of 
4 students. There were individuals with just as high titers in the 
previous study, but chance happened to throw 4 such students into 
a small group of 9 in the latter instance and there were only 4 with 
titers as high in a group of 34 in the first experiment. No doubt 
if there were any way of proving it, we would find that these indi- 
viduals belong in the group of so-called natural immunes occurring 
in the population in general. 

Practically all of the other conclusions drawn in the study made 
previously are confirmed by this second series of observations, and 
the figures will not be repeated here. 

This reversal of averages in a small series emphasizes the danger 
of drawing conclusions from too few observations. If the second 
experiment had been the only one performed the author would 
no doubt have published a note including a conclusion which has 
been drawn by others from similar small series of observations, 
but which appears to be the reverse of the actual facts. 
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Some Effects of the Vitamin B Complex on Appetite and on 
Utilization of Food. 


CLAIRE E. GRAHAM anp WENDELL H. GRIFFITH. 


From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine. 


The relation of the vitamin B complex to the rate of growth, to 
the consumption of food and water and to the utilization of food 
in rats has been studied. The Evans and Burr diet (purified 
casein—25, sucrose—75, salt mixture—4) was used and was sup- 
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TABLE I. 
No. of | No. of | Total gain in wt.| Total Daily Dietary 
Group rats 3,75) |i Gna) Calories Supplement* 
low-high | average 
Restricted gm. gm. 
1 ita 40 93-113 102 1365 |0.5 gm. yeast 
2 12 40 95-111 103 1365 |0.5 gm. yeast + 
0.5 gm. liver 
3 12 40 92-118 104 1365 |0.15 gm. yeast + 
0.85 gm. liver 
4 10 40 90-125 108 1380+ |5 drops tikitiki + 
0.1 gm. autoclaved 
liver 
Ad Lib. 
5 10 80 161-238 204 —— |Stock control diet 
6 14 80 141-191 163 3230 |0.5 gm. yeast 
7 10 80 155-266 207 3440 |0.5 gm. yeast + 
1.0 gm. autoclaved 
liver 
8 10 80 109-152 131 2660 |1.0 gm. liver 
9 10 80 138-204 179 3284 |0.15 gm. yeast + 
0.85 gm. liver 
10 10 80 171-240 202 3710 |0.5 gm. yeast + 
0.6 gm. liver 
11 12 80 142-212 186 3330 [5 drops tikitiki + 
0.2 gm. autoclaved 
liver 
12t 12 80 162-275 219 3570+ |5 drops tikitiki +- 
1.0 gm. autoclaved 
liver 


* Hach rat received 9 drops cod liver oil daily. 

+ Tikitiki not included in calculated value. 

+t Six of these rats received 10 drops of tikitiki daily during the first half of 
the experimental period. Inasmuch as the extra tikitiki was without effect the 
daily supplement was decreased to 5 drops during the remainder of the experi- 
ment. 


plemented daily with 9 drops of cod liver oil. The B complex 
was supplied by daily additions of one or more of the following: 
whole dried hog liver (high B,-low B,), autoclaved liver (high B.), 
whole dried yeast (high B,—moderately high B.), tikitiki (high B,). 
Male rats were placed on the experimental diet when 50 gm. in 
weight and were kept in individual raised cages. Some of the data 
are shown in Table I. Groups 1 to 4 were restricted in food con- 
sumption to approximately the same number of calories. The re- 
maining groups were fed the basal diet ad libitum. 

The weight increments for the first 4 groups were surprisingly 
uniform in spite of the fact that only one of the 4 supplements 
(Group 2) was adequate for optimum growth when the basal diet 
was fed ad libitum (Group 10). The results with Group 4 were 
particularly interesting because of the relatively low concentration 
of vitamin B, required for satisfactory utilization. In these ex- 
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periments the utilization of food was apparently unaffected by con- 
siderable variation in the amounts of B, and B, furnished in the 
supplements. 

On the other hand, the appetite of the rats was markedly affected 
by the nature of the supplement. If either tikitiki (B.) or auto- 
claved liver (B.) was used as the source of the B complex appetite 
failed and growth did not occur. However, the combination of . 
tikitiki and autoclaved liver resulted in optimum growth (Group 
12); i. e., growth as good or better than that of the stock control 
rats (Group 5). The difference between Groups 6 and 7 and be- 
tween Groups 11 and 12 was largely due to the appetite-stimulating 
effect of the autoclaved liver. A similar effect, due to Bi, was evi- 
dent in the increased food consumption resulting from the partial 
substitution of yeast for liver in Groups 8, 9 and 10. 

Although the factor in autoclaved liver may not be as necessary 
as the factor in yeast for efficient utilization of ingested food,’ 
nevertheless, its effect on appetite was of importance in bringing 
about optimum growth on the purified diet. The experiments indi- 
cated that the influence of the antineuritic vitamin (B,) on appetite 
may not be as specific as was suggested by Sherman and Sandels.’ 
Burack and Cowgill’ concluded from experiments on dogs that 
either the antineuritic vitamin was the sole appetite factor. or an- 
other substance, not vitamin G (B.), was required to supplement 
the antineuritic factor. Our own experiments emphasize the im- - 
portance for normal appetite of both the antineuritic vitamin and 
another factor which is found in autoclaved liver. 
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Effect of Splenectomy and of Other Surgical Procedures upon 
Circulating Blood Platelets (Rabbits). 


P. E. STEINER anv F. D. GUNN. 
From the Department of Pathology, Northwestern University Medical School. 


It is a well established fact that splenectomy in the normal ani- 


1Griffith, W. H., and Graham, C. E., Proc. Soc. Exp. Brot. AND MEp., 1929, 
26, 862. 


? Sherman, H. C., and Sandels, M. R., J. Nutrition, 1931, 8, 395. 


8 Burack, E., and Cowgill, G. R., Proc. Soc. Exp. Biov. AND MED., 1931, 28, 
750. 
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mal is usually followed by a considerable increase in the number of 
blood platelets. Largely on the basis of this fact the theory of the 
thrombolytic function of the spleen has been generally adopted. 
This theory was supported by the clinical observation of Kaznelson’ 
that in purpura hemorrhagica, removal of the spleen was followed 
by an immediate increase of platelets and disappearance of purpuric 
hemorrhages. He assumed, therefore, that in this disease there was 
an overwhelming destruction of platelets in the spleen and suggested 
the name “splenogenous thrombolytic purpura.’’ Most of the ob- 
servational evidence in splenectomy in humans has supported Kaz- 
nelson’s theory. Conclusions drawn from this kind of observation, 
however, are hazardous as there are so many unknown and uncon- 
trollable factors involved. 

Moreover,. it has been frequently observed that platelets are in- 
creased in number after other operations. The results of extensive 
clinical observations of this kind were published by Dawbarn, Ear- 
lam and Evans.? Bachman and Hultgren’ concluded from experi- 
ments on rabbits that all operative procedures involving consider- 
able trauma to tissues are followed by an increase in blood platelets 
but that the thrombocytosis induced by splenectomy is greater and 
of longer duration. Liles* observed that a group of rabbits, each 
of which had been the recipient of a transplanted spleen, showed 
an even greater increase in platelets than a group from which the 
spleens had been removed. On the tenth day the 2 groups showed 
the same platelet level but the level was sustained for a longer time 
in the splenectomized animals than in the recipients. He attributed 
the initial rise in both groups to traumatism. 

The present experiments were carried out in an attempt to answer 
the question of the specificity of the effect of splenectomy upon 
blood platelets. Does removal of the spleen in the rabbit affect the 
platelet level to a greater degree than other operations involving a 
similar degree of trauma, or is the effect simply that of tissue injury 
in both instances? 

The animals used were young rabbits weighing from 1390 to 
2225 gm. at the time of the first operation. After a control period 
of a few days (usually 5) during which daily leukocyte, erythrocyte 
and platelet counts were made, the animals were prepared by clip- 


1 Kaznelson, P., Wien. klin. Wochenschr., 1916, 29, 1451. 

2 Dawbarn, R. Y., Earlam, F., and Evans, W. H., J. Path. and Bact., 1928, 31, 
833. 

3 Bachman, E. L., and Hultgren, G., Compt. rend. Soc. de biol., 1926, 94, 942. 

4 Liles, R. T., Proc. Soc. Exp. Brov. AnD MED., 1926, 28, 489. 
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ping the hair and cleansing with green soap and water. Shaving 
and iodine were omitted because of the influence of skin irritation 
upon the platelets.* The pre-operative preparation and etherization 
were found to have no appreciable influence upon the platelet level. 
The technique for counting blood platelets has been described in 
previous publications. 

Table I (A and B) shows the results of splenectomy in 13 pre- 
viously unoperated animals. The spleen was delivered through an 
incision in the abdominal wall parallel to and just below the ribs. 
In the first 5 animals (Table I A) the pedicle of the spleen was 
clamped off with artery forceps before the spleen was cut away. 


TABLE I. Splenectomy. 
A. 


Rabbit Wt. Platelets—thousands per cu. mm. Post-op. 
No. gm. day 
Normal Normal | Experimen-| Increase 
average maximum | tal maxim. % 
18 1530 654 697 1,668 155 3 
19 1540 908 958 1,652 82 2, 
21 2132 911 1,197 1,886 107 4 
30 1760 570 578 1,512 165 3 
31 1758 878 887 1,587 81 5 
Average 118 
134 
36 1811 986 1,015 1,411 43 a 
38 1754 806 888 1,381 65 4 
41 1642 644 756 1,096 70 6 
73 1465 646 691 984 52 4 
75 2185 771 861 1,214 57 4 
76 1955 704 828 1,392 98 4 
oft 1825 777 813 1,263 63 4 
82 1560 760 842 1,546 103 5 


Average 69 


Three of these 5 gave the highest platelet counts obtained in the 
entire series (No. 30, 164.8% ; No. 18, 154.9%; No. 21, 106.9%). 
The average percentage increase for the 5 was 117.8%. In sub- 
sequent operations (8 rabbits) clamps were not used. The splenic 
vessels were ligated with silk and the spleen clipped away, with care 
to avoid injury to the pancreas. The average platelet increase for 
this sub-group (1 B) was 69.0%. The average increase for the 
entire group of 13 splenectomized rabbits was 87.8%. 

Table II shows the effect of control operations in 8 previously 
unoperated rabbits. In these operations an incision was made in 
the abdominal wall just as in the operations for splenectomy ; 


° Steiner, P. E., and Gunn, F. D., Arch. Path., 1931, 11, 241. 
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TABLE II. Control Operation. 


ra Ee ee ee ee 
OOOO 


Rabbit Wt. Platelets—thousands per cu. mm. Post-op. 
No. gm. 3 day 
Normal Normal | Experimen-| Increase 
average maximum | tal maxim. % 
74 2225 637 853 959 50 3 
80 1665 685 730 1,127 64 4 
81 1490 731 834 1,185 62 3 
83 1440 526 677 1,104 110 5 
85 1560 601 654 1,315 119 5 
88 1630 767 799 881 15 4 
89 1670 736 793 1,057 44 a 
90 1380 568 625 863 52 3 
Average 64 


sutures were placed through the pedicle of the spleen and loosely 
tied, avoiding the inclusion of any blood vessels in the ligatures. 
In this group the average increase in platelets was 64.5% ; the great- 
est was 118.6% ; the least was 14.8%. 


TABLE III. Splenectomy Followed by Control Operation. 


Rabbit Splenectomy imtoreatin Control Operation 


No. weeks 
Wt. % Day of Wt. % Day of 

gm. increase | maximum gm. increase | maximum 

73 1465 52 4 9 1890 34 4 

75 2185 57 4 7 2670 112 6 

77 1955 63 4 8 2855 30 4 

82 1560 103 5 4 1805 93 4 
Average 68.9 Average 67.2 


In the third group of experiments (Table III) splenectomy was 
done and an average platelet increase of 68.9% was obtained. After 
an interval of from 4 to 9 weeks during which the blood picture re- 
mained practically normal, a control operation was done upon 
each of the 4 animals. These operations were followed by an 
average increase of 67.2%. 


TABLE IV. Control Operation Followed by Splenectomy. 


Rabbit Control Operation Interval in Splenectomy 

No. weeks 
Wt. % Day of Wt. % Day of 
gm. increase | maximum gm. increase | maximum 

74 2225 50 3 10 2610 24 4 

80 1665 64 4 5 2045 83 4 

81 1490 62 3 4 1755 29 4 

83 1440 110 5 4 1705 105 5 


Average 71.8 Average 75.3 
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Comparison of Effects of Splenectomy and Control Operation. 
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Solid line—splenectomy followed by control operation. 
Broken line—control operation followed by splenectomy. 
Fie. 1. 

In the fourth group of rabbits (Table IV) the above procedures 
were reversed. The first, or control, operations yielded an average 
increase of platelets of 71.8%. The subsequent splenectomies gave 
75.3% increase. 

The results of the third and fourth groups of experiments just 
described are shown graphically in Fig. 1. The composite of the 
daily platelet counts of animals of group III, in which splenectomy 
preceded the control operation, is represented by a solid line. The 
composite of the counts of group IV, in which the control operation 
preceded splenectomy, is represented by a broken line. Although 
splenectomy in both cases gave a slightly higher average platelet 
level than the control operation, we do not regard the differences as 
significant, especially since the average normal in group III was 
higher than that of group IV. 

During the first 4 groups of experiments it became increasingly 
apparent that the degree of thrombocytosis bore a definite relation 
to the amount of trauma sustained by the tissues. This theory was 
tested as follows: First, one of the rabbits of group III (No. 73) 
which had shown an increase of 52.3% of platelets after spien- 
ectomy and 33.7% after reincision and the placing of sutures in 
the peritoneum, was subjected to another “control”? operation, de- 
signed to produce still greater trauma, namely, the crushing and 
removal of the end of the caecum through an 8 cm. midline incision. 
This was followed by an increase of 77.8%. Next, one rabbit was 
operated upon with the least possible trauma. A 4 cm. incision 
was made, the spleen was handled as gently as possible and sutures 
were placed in its peritoneal attachment. These were not tied. The 
spleen was allowed to drop back at once and the wound closed. In 
this case the increase of platelets was only 16.3% on the fourth 
postoperative day when the maximum was reached. On the fifth 
day the platelet level had already returned to normal. Eight days 
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after the first operation a partial removal of the caecum was per- 
formed through an 8 cm. incision. The response to this operation 
was an increase of 82.0% on the fourth day. 

Conclusions. Removal of the spleen in rabbits is followed con- 
stantly by an increase in the number of circulating blood platelets. 
Other operations involving a similar degree of trauma are followed 
by an increase of platelets which does not differ in time of occur- 
rence, degree or duration from that observed after splenectomy. 
The degree of the rise depends upon the amount of trauma sustained 
by the tissues. 
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Fate of Poliomyelitis Virus in the Brain After Intracerebral Inocula- 
tion of Normal and Convalescent Monkeys.* 


CLAUS W. JUNGEBLUT. 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University. 


The fate of poliomyelitis virus in the brain after intracerebral in- 
oculation of normal monkeys has recently been studied very care- 
fully by Fairbrother and Hurst.’ These authors find the virus regu- 
larly present at the site of inoculation until the fifth day after in- 
fection, when the infectious agent suddenly disappears from the 
portal of entry on its way to further invasion of the more distant 
parts of the central nervous system. This critical point in the de- 
velopment of the disease, suggesting the operation of some auto- 
sterilizing mechanism in the infected brain tissue, apparently co- 
incides with the first febrile response. The work of the above men- 
tioned authors suggested a comparison of the survival of the virus 
after intracerebral inoculation in the normal monkey brain with the 
tate of disappearance from the site of inoculation in convalescent 
monkeys, immune through spontaneous recovery from the disease. 

Six normal monkeys were inoculated intracerebrally with 1 cc. 
of a 10% virus cord emulsion, the potency of which was proved 
by simultaneous infection of several controls. By using a very 


* Under a grant from the International Committee for the Study of Infantile 
Paralysis, whose work is being financed by Jeremiah Milbank. 
1 Fairbrother, R. W., and Hurst, E. W., J. Path. and Bact., 1930, 83, 17. 
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TABLE I. 
Survival of Poliomyelitis Virus in the Brain after Intracerebral Inoculation of 


Normal and Convalescent Monkeys. 


: aa § ‘ 
+ | Maeroscopic| S 4% y Pathological 
xs Te Local [AES] + & <3 | Symptoms |Examination 
On 3 Reaction laa S 5 wit or 
A oH FE Sie ae 29 Reinfection 
Bo Ba Agee 23%| 8 | 38 
A | ea | 4 eas) a | Fa 
B56 | Normal] 12 |No distinct] 0.8 | B67 | 17 |Ptosis of — 
lesion left upper 
eye lid 
B57 ee 24 |No distinct] 0.8 | B68 | 19 |Complete Typical Po- 
: lesion paralysis lio lesions 
Dead 22 dys 
B22 ay 48 |No distinct} 1.0 | B24 | — |None No typical 
lesion Dead 40 dys] Polio les. 
B93 a 48 |Sm. hemorr-| 1.0 | Bi00; 10 | Tremor, Lesions sug- 
hagie area awkward gestive of 
Dead 21 dys] Polio in cer- 
vical and 
lumbar cord 
B94 te 72 |Sm. hemorr-| 0.8 Cl — |None Reinfection 
hagic area Polio 18 dys 
B96 vy 96 |Fairly large} 1.2 | C2 8 | Complete Typical Po- 
hemorrhagic paralysis lio lesions 
area Dead 15 dys 
A53 , Cony 12 ;Shght in- 3 B4 — |None. Dead|No typical 
flammation 6 mos later | Polio lesions 
B7 7) 12 | None 0 C9 — |None Reinfection 
Polio 6 dys 
90 £0 24 |Slight in- 2 B5 — |None No typical 
flammation Dead 21 dys|Polio lesions 
A89 24 24 | None 0 C10 | — |None No typical 
: Dead 25 dys|Polio lesions 
A22 2D 48 | Definite in-| 2.8 B7 22 | Almost com-}Used as Do- 
flammation plete paraly-|nor for C9 
sis 
76 UE: 48 |None 4 Cll | 12 | Tremor, Reinfection 
awkward Polio 7 dys 
A91 ze 72 2) 5.4 C12 | — |None Reinfection 
Polio 8 dys 
A95 ih 72 ee 4.2 | C13 | — |None No typical 
Dead 29 dys}Polio lesions 
6 oe 96 fee 4 C14 | — |None No typical 
Dead 42 dys} Polio lesions 
86) late 96 a 2 C15 | — |None Reinfection 
Polio 7 dys 


Controls: B59 (for B56, B57) Polio 6 days. 


8 days. 
Polio 10 days. 


B23 (for B22) Polio 9 days. 


C1, 09, Cll; C12, C15) Polio 6 days. 


B2 (for A53, 9, A22) Polio 9 days. 


B72 (for B93, B94, B96) Polio 
C8 (for B7, A89, 76, A91, A95, 6, 86) 
C84 (for reinoculation of 


short needle and exercising special care so as to avoid deposition of 
the infectious material in the ventricle, the inoculated area could, 
in every instance, be accurately determined from the depth of the 
needle prick. At intervals varying from 12 to 96 hours the 6 monkeys 
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were sacrificed and the sites of inoculation in each instance were 
transferred to a new passage animal by cerebral inoculation of the 
respective cortical area, emulsified into a 10% suspension. Another 
series of 10 convalescent monkeys was similarly infected together 
with an adequate number of controls, and, at the stated intervals, 
the respective sites of inoculation were likewise transferred to new 
monkeys. All of the convalescent monkeys except 3 (A89, 
A22, 76) showed definite residual paralysis at the time of the ex- 
periment. The results of the subinoculations in the 2 series are 
given in Table I. 

It appears from Table I that in the normal monkey the virus may 
regularly be recovered from the site of inoculation during the first 
24 hours of the infectious process, although the long incubation 
periods of Monkeys B67 and B57 indicate that only little growth 
can have occurred during that time. Between 48 and 72 hours, 
recovery of the virus is apparently less regular, none of the 3 
monkeys sacrificed at these particular intervals harboring enough 
virus at the site of inoculation to cause typical poliomyelitis in the 
recipients. Beyond this point, i. e, at 96 hours after infection, a 
sufficient quantity of virus has apparently accumulated in the inocu- 
lated area to induce readily typical infection on passage. These 
findings are somewhat analogous to Levaditi and Nicolau’s’ obser- 
vations with neurovaccinia virus in rabbits while in herpetic monkey 
infection the virus is apparently found more regularly at the site 
of inoculation, following a brief period of lag. (Levaditi and 
Lepine’). 

The results obtained in the series of convalescent monkeys dem- 
onstrate clearly that at the early and late phases of the infection the 
injected virus is not present at the portal of entry in such a form 
as to cause typical poliomyelitis on passage. However, in 2 mon- 
keys, sacrificed 48 hours after infection, the inoculated area evi- 
dently contained active virus in more or less virulent form. It is 
interesting to note that in the convalescent monkeys the virus was 
encountered at exactly that stage of the infection which seemed to 
be least favorable for the storage of the virus in the primarily in- 
fected monkeys, although the small number of experimental animals 
does not preclude chance differences between individual monkeys. 
We certainly do not consider the evidence sufficient as proving a 
fixation of the antigen in the immune tissues, such as has recently 


2 Levaditi, C., and Nicolau, S., C. R. Soc. Biol., 1922, 86, 562. 
3 Levaditi, C., and Lepine, P., C. BR. Acad. Sciences, 1929, 189, 66. 
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been found to be the case with rabies virus by Isabolinsky and 
Zeitlin.t A possibility of intervening specific and non-specific in- 
hibitory factors must finally be kept in mind.* Without resorting 
to special physical and chemical treatment of the inoculum such as 
cataphoresis® and pH adjustment’ this cannot be successfully elim- 
inated. 

In confirmation of our earlier work*® it was found that, with the 
exception of 2 (B7, A8g), all of the convalescent animals reacted 
within the first few hours after inoculation with a more or less 
marked rise of the body temperature, while none of the normal 
monkeys, during this time, displayed more than the usual traumatic 
febrile reaction. The 2 animals which failed to react showed ex- 
tensive tuberculosis at autopsy. 

A number of moneys, apparently having received with the trans- 
fer an amount of virus insufficient to cause typical poliomyelitis 
with definite paralysis, responded with an elevation of the body 
temperature, which occasionally seemed to show a tendency to run 
in distinct cycles, afebrile periods alternating with several days of 
high fever. Those cases may correspond with the abortive and 
relapsing infections recently described by Harmon, Shaughnessy 
and Gordon,’ were it not for the fact that all of these monkeys suc- 
cumbed to reinfection with fully developed symptoms of the disease. 

The irregularity of the presence of the virus at the site of 
inoculation in the normal animal during the earlier intervals makes 
it difficult to establish positive proof for a quicker disappearance 
of the infectious agent from the brain of the convalescent animal. 
From the evidence at hand, however, it would seem that whereas 
in the normal animal the virus at the end of the fourth day after 
infection had considerably increased locally, the site of inoculation 
in the immune animal had been definitely sterilized. 


4 Isabolinsky, M. P., and Zeitlin, A. J., Z. f. Immun. Forschg., 1929, 62, 233. 

5 Jungeblut, C. W., Meeting of Am. Soc. for Exp. Path., Montreal, 1931, ab- 
stract in print. 

6 Olitsky, P. K., Rhoades, C. P., and Long, P. H., J. Eup. Med., 1929, 50, 273. 

7 Sittenfield, M. J., Johnson, B. A., and Jobling, J. W., Proc. Soc. Exp. Brow. 
AND Mep., 1931, 28, 517. 

8 Jungeblut, C. W., J. Exp. Med., 1931, 58, 159. 


® Harmon, P. H., Shaughnessy, H. J., and Gordon, F. B., J. Prev. Med., 1931, 
5, 139. 
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Observations on Auricular and Ventricular Fibrillation. * 


W. A. BRAMS anp L. N. KATZ. 


From the Cardiovascular Laboratory, Department of Phystology, Nelson Morris 
Institute, Michael Reese Hospital, and Department of Physiology, 
Northwestern University Medical School. 


Of the several theories which have been advanced to explain 
auricular and ventricular fibrillation 2 have been very widely ac- 
cepted. One, advocated by Rothberger’ and Scherf,? is that fibrilla- 
tion is due to one or several foci sending out impulses at a very 
rapid rate, resulting in tachysystole which is manifested as fibrilla- 
tion. The other theory, advanced chiefly by T. Lewis* and his 
coworkers, states that in auricular flutter and fibrillation a single 
mother wave circulates usually about the orifices of the superior 
and inferior vena cavae and sends off centrifugal waves into the 
remainder of the auricular tissue. Lewis and Garrey* suggest that 
auricular and ventricular fibrillation are the same and Lewis as- 
sumes that the mechanism in ventricular fibrillation is the same as 
was shown by him to be the cause of auricular fibrillation. 

A series of experiments was performed by us to test the validity 
of the assumption that ventricular fibrillation is caused either by a 
single focus or a single mother wave as stated above. Twelve dogs 
were used, under morphine and sodium barbital anesthesia, and arti- 
ficial respiration was maintained with the open chest. The heart was 
exposed and permitted to remain in a cradle made from the peri- 
cardium. Two direct non-polarizable leads were fixed to the left 
ventricle and 2 to the right. These were connected with an electro- 
cardiograph. Ventricular fibrillation was induced by temporary 
faradic stimulation at the base of the right ventricle. 

As soon as the rate of spontaneous fibrillation became somewhat 
stabilized a control tracing was made from the right and left ven- 
tricles, both of which were visibly fibrillating. The 2 ventricles 
were then quickly and completely severed from each other, care 


* Aided by the Emil and Fanny Wedeles Fund of the Michael Reese Hospital 
for the Study of Diseases of the Heart and Circulation. 

1 Rothberger, C. J., Klin. Wehnschr., 1922, 1, 82; 1923, 2, 1407. 

2Scherf, D., Z. f. d. ges. Exp. Med., 1928, 61, 30. 

3 Lewis, T., Mechanism and Graphic Registration of Heart Beat, 1925, 2nd 
Edition, Chap. 31. 

4Garrey, W. E., Physiol. Rev., 1924, 4, 215. 
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being taken not to displace them, and the records taken quickly 
again. 

Separation of the 2 ventricles from each other should result in 
disappearance of fibrillation in one ventricle if the causative ectopic 
focus or mother ring were in the other ventricle. In any event the 
electrocardiogram after separation should be grossly changed. Such 
was not the case, except for slight slowing which could also be dem- 
onstrated in the intact fibrillating heart and was parallel in the 
2 sides. 

Another series of experiments was performed to test these 
theories in auricular fibrillation, using the same technique as in the 
ventricular records. Auricular fibrillation or flutter was induced 
by temporary faradic stimulation of the right auricle near the in- 
ferior vena cava. After the fibrillation persisted spontaneously for 
at least 30 seconds control records were made from the leads of 
each auricle. A heavy 10-inch clamp was then tighly placed along 
the inter-auricular septum up to the ventricles, crushing the tissue. 
Electrocardiograms were then taken from the leads of the right and 
left auricles. In the 2 experiments to date in which this was done, 
fibrillation persisted in the same form in both auricles, after crush- 
ing the tissue between them. These experiments cannot be explained 
by a single focus or single mother wave. 

The results of our experiments are incompatible with the assump- 
tion of Lewis that a single mother circus wave with centrifugal off- 
shoots is responsible for auricular or ventricular fibrillation. The 
same is true of the theory which supposes that a single focus sends 
out rapid impulses causing coordinated but very rapid contractions. 
Our results are not incompatible with the assumption that auricular 
and ventricular fibrillation may be due to numerous ectopic foci 
acting at the same time. The results of our experiments are also 
compatible with the theory of Garrey who assumes that an impulse 
becomes sinuous because of areas of transient block and that the 
impulse eventually gives rise to multiple, shuttling circuits which 
cause fibrillation. 
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TG Ges ameyUcutee ee Sheet O spe oe) LN So ev eRe WOR Cu cos ee Sota sean cacen 415 
Total No. of PRocEEDINGS distributed 3/31/30.............--.--.----------:-20--00-eee= 1419 
TLoOmalINO. OL OPROCEEDINGS distributed: 3/31/31... 202 -.cc---ccececennenoneoneeees 1477 


Orricers elected April 20, 1931 
President: D. J. Edwards. 
Vice-President: A. R. Dochez. 
Secretary-Treasurer: A. J. Goldforb. 
Council: W. J. MacNeal, 
W. W. Palmer. 


A. E. Cohn, 

HPs Gay, 

W. J. V. Osterhout, 
G. B. Wallace. 
Past Presidents (By constitution): E. B. Wilson, Simon 
Flexner, F. S. Lee, T. H. Morgan, James Ewing, Graham Lusk, 
W. J. Gies, Gary Calkins, G. B. Wallace, J. W. Jobling, S. R. 
Benedict, Peyton Rous. 

Chairmen of Sections (See Sections). 


hold over 
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Nominating Committee (elected April 20, 1931): 
From New York: E. F. Dubois, Chairman; C. B. Davenport, A. F. 
Hess, A. M. Pappenheimer. 
From Other Sections: H. M. Evans, R. Gesell, W. H. Howell, L. 
Loeb, A. B. Luckhardt. 


Editorial Committee (appointed by Council): A. J. Carlson, B. M. 
Duggar, M. H. Jacobs, J. A. Kolmer, H. B. Lewis, W. deB. Mac- 
Nider, A. M. Pappenheimer, A. J. Goldforb. 

Membership Committee (appointed by Sections): W. R. Bloor, L. J. 
Cole, E. A. Doisy, C. W. Duval, R. A. Gortner, I. Greenwald, A. C. 
Ivy, E. G. Martin, G. H. Miller. 


Financial Committee: W. J. Gies, W. H. Park, A. J. Goldforb. 


Past OFFICERS 


Date President Vice-Pres. Secretary Treasurer 
1903-04 S. J. Meltzer W.H. Park W. J. Gies G. N. Calkins 
1904-05 S. J. Meltzer J. Ewing W. J. Gies G. N. Calkins 
1905-06 E. B. Wilson E. K. Dunham W. J. Gies G. N. Calkins 
1906-07 S. Flexner E. K. Dunham W. J. Gies G. N. Calkins 
1907-08 S. Flexner T. H. Morgan W. J. Gies G. N. Calkins 
1908-09 F. S. Lee T. H. Morgan W. J. Gies G. Lusk 
1909-10 F. S. Lee W. J. Gies EH. L. Opie G. Lusk 
1910-11 T. H. Morgan W. J. Gies E. L. Opie G. Lusk 
1911-12 T. H. Morgan P. A. Levene G. B. Wallace G. Lusk 
1912-13 J. Ewing P. A. Levene G. B. Wallace C. Norris 
1913-14 J. Ewing C. W. Field H.C. Jackson C. Norris 
1914-15 G. Lusk W. J. Gies H. C. Jackson J. R. Murlin 

Secy.-Treas. 
1915-16 G. Lusk G. N. Calkins H. C. Jackson 
1916-17 J. Loeb W. J. Gies H. C. Jackson 
1917-18 W. J. Gies J. Auer H. C. Jackson 
1918-19 W. J. Gies J. Auer H. C. Jackson 
1919-20 G. N. Calkins 4G. B. Wallace H. C. Jackson 
1920-21 G. N. Calkins G. B. Wallace H. C. Jackson 
1921-22 G. B. Wallace J. W. Jobling H. C. Jackson 
1922-23 G. B. Wallace J. W. Jobling H. C. Jackson 
1923-24 H. C. Jackson J. W. Jobling V. C. Myers 
1924-25 H. C. Jackson J. W. Jobling A. J. Goldforb 
1925-26 J. W. Jobling S. R. Benedict A. J. Goldforb 
1926-27 J. W. Jobling S. R. Benedict A. J. Goldforb 
1927-28 S. R. Benedict P. Rous A. J. Goldforb 
1928-29 S. R. Benedict P. Rous A. J. Goldforb 
1929-30 P. Rous D. Marine A. J. Goldforb 
1930-31 P. Rous D. J. Edwards A. J. Goldforb 

SECTIONS 
Illinots 

Chairman: F.C. Koch. Secretary: Lloyd Arnold. Members: 93. 
Meetings: Billings Hospital, October 21, 1930. 


University of Illinois, December 16, 1930. 


Northwestern University Medical School, February 10, 1931. 
Billings Hospital, May 26, 1931. 
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Towa 


Chairman: J.T. McClintock. Secretary: J.D. Boyd. Members: 29. 
Meetings: State University of Iowa, November 6, 1930. 

Iowa State College, December 4, 1930. 

State University of Iowa, February 6, 1931. 

State University of Iowa, April 30, 1931. 


Minnesota 


Chairman and Secretary: F. H. Seott. Members: 41. 

Meetings: University of Minnesota Medical School, November 26, 1930. 
University of Minnesota Medical School, January 28, 1931. 
University of Minnesota Medical School, March 18, 1931. 
University of Minnesota Medical School, May 20, 1931. 


Missouri 


Chairman: M.S. Fleisher. Secretary: D. Barr. Members: 46. 

Meetings: Washington University School of Medicine, November 12, 1930. 
St. Louis University School of Medicine, December 10, 1930. 
Washington University School of Medicine, January 14, 1931. 
Washington University School of Medicine, March 11, 1931. 
St. Louis University School of Medicine, May 13, 1931. 


New York 


Chairman: D. J. Edwards. Secretary: A. J. Goldforb. Members: 662. 
Meetings: New York Academy of Medicine, October 15, 1930. 

New York Academy of Medicine, November 19, 1930. 

New York Academy of Medicine, December 17, 1930. 

New York Academy of Medicine, January 17, 1931. 

New York Academy of Medicine, February 18, 1931. 

New York Academy of Medicine, March 18, 1931. 

New York Academy of Medicine, April 20, 1931. 

New York Academy of Medicine, May 20, 1931. 


Pacific Coast 


Chairman: W. Ophiils. Secretary: T. D. Beckwith. Members: 78. 
Meetings: University of California Medical School, October 15, 1930. 
Stanford University, December 23, 1930. 
Stanford University School of Medicine, February 18, 1931. 
University of California, April 25, 1931. 


Peiping (China) 
Chairman: R.R. Hannon. Secretary: Shih-hao Liu. Members: 22. 


Meetings: Peiping Union Medical College, October 30, 1930. 
Peiping Union Medical College, March 26, 1931. 


Southern 


Chairman: C. C. Bass. Secretary: E. C. Faust. Members: 22. 
Meetings: Tulane University, November 20, 1930. 

Tulane University, February 14, 1931. 

Tulane University, May 21, 1931. 
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Western New York 


Chairman: W. O. Fenn. Secretary: E. F. Adolph. Members: 44. 

Meetings: University of Rochester Medical School, October 18, 1930. 
Syracuse University Medical School, December 13, 1930. 
University of Rochester Medical School, February 28, 1931. 
Clifton Springs Sanitarium, May 23, 1931. 


Wisconsin 
Chairman: L. J. Cole. Secretary: F. L. Hisaw. Members: 25. 


DeaTuHs or MEMBERS 


The Council records with regret the deaths of the following members: 
E. J. Banzhaf, P. A. Fish, J. C. Hemmeter, C. C. Krumwiede, T. B. Robert- 
son, Benjamin Roman, G. N. Stewart. 


GIFTS 


The Secretary wishes to acknowledge, with the thanks of the Council, 
the gift of back numbers from A. J. Carlson, B. B. Crohn, 8. C. Harvey, 


W. J. V. Osterhout, I. K. Ragins, H. E. Robertson, C. A. Smith, L. von 
Meysenbug. 


PROCEEDINGS 


Average length of papers, 1.8 pp. 
Preliminary manuscripts, 66%; complete manuscripts, 34%. 


A. J. Gouprors, 
Secretary. 


TREASURER’S REPORT 
April1, 1930 to April 1, 193% 


Surplus. The Treasurer is happy to report that, as in the past several 
years,* there is an annual surplus which amounts to $1,289.90. 


RECEIPTS 

Dalene onuonand: cA pris 1, L930). aes ee ee el tt $ 3,411.68 
Income, 1930-31: 

TEL 0 dhe ote eam RE nee ae NT el Bc UR pe ED pt $ 4,215.58 

Poy an OTC Ty SO, A a le i See ne ees et Ie Pe 2,744.09 

(US TST CEY OE Sea a ae een Di ane ae Pa SR 2,362.00 

CAINE AE aOR SA RD na leet EO ee ee Ee 539.28 

ROD SOUT ONS Hea cece ete oe a ae 2,495.24 

Back Nvm bers SO) dite sore te Acer eee 493.03 

Bank Interest and Miscellaneous...............-----..2.---.2---+- 65.81 
BG Ue eet Walt im COMES cs he aeons cate ee eee —————— $12,915.03 
Total Cash Available, April 1, 1930-April 1, 1931............ - $16,326.71 

DISBURSEMENTS 

Publication Cost of PRocEEDINGS: 

BES YLTT U1 eee eee ee eee es Wl Oe noe ee Ree $ 5,376.22 

TESVSS OV dW al SY os ej IO SEs NR a nN ete gO ee Re ee Renate 3,035.00 

COURS ae a AS en etter ee es eek a 493.62 

$ 8,904.84 

Administrative Expenses: 

Office Supplies, Postage and Telegrams....................-. $ 527.79 

DALAT IOS ee tec eet tt A Ae De ok 2h eh 2,080.00 

Storage and Insurance................-..-.----- Mah ee BLT oof 8 82.69 

JY GAS yore UE AVY TRS eal ar ale eee eae ie 24.81 

Cob OPE INC ba lia Cie ld At bel nema ek ee 5.00 

$ 2,720.29 
Morale cle iS Tr Sei ems ec ntsr crete enna eats ess acsetr $11,625.13 
Surplus Transferred to Special Surplus Fund.................- 900.00 
CEM ie TRH NE Mp ec TPR ES 3 EA oboe 8 28 ane en ieee Ea 3,801.58 
AWG SEI Shae a he ee ea ep $16,326.71 
SUMMARY 

TESTI | CES aie a EGER ACP eee PoP rata oa ea ae eee $12,915.03 
DISD MTSE MLC RES A (TCE) men penneees esc aceree ntact racnnsaneneconse anvoneecetanven 11,625.13 
PIPE TRUS ED) OF 6 COM a eeepc ste ena toy nes foes anne veencnnenizosectnennanteonacnd $ 1,289.90 


*¥For details see Treasurers Report, Volume 27, 1930. 
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Funps 
Endowment Fund 
April 1, 1930 NE arnt Sa cn emer ree AN Se ete N75 hd 
Contributions to: Apribgignl Oodle Leee  eee 33.00 
Interest ‘to: Agorils 1 DOs Dore ce cee eaten eee ee 626.63 
Us: Be aH ne Riri tn 5 URI CS ie ot At ——_——— $12,666.05 
Invested in N. Y. Title and Mortgage Co...........-------.----- $ 6,000.00 
Invested in) Wa Re Coop: Bldes andeWoane eee. ieee ner 6,666.05 
$12,666.05 
Special Surplus Fund 
April OSU ee i oe, oe eee earner: $ 4,500.00 
Annual surplus transferred to Fund..........-....-.-.--.-1000-+ 900.00 
Interest to mAyoril: Us) LOS Lee 27sec eee eee 261.53 
Rotel yes ee ee a ae ee —————$ 5,661.53 
Invested in Title Guarantee and Trust Co..............2..--...-- $ 5,400.00 
Invested in R. R. Coop. Bldg. and Loan Co.................---.-- 261.53 
$ 5,661.53 
Iife Membership Fund 
Invested in R. R. Coop. Bldg. and Loan Co...............2-2------- $ 75.00 
MEMO 
BS HHTS SPV VINE access ess See loess ees Ere a ane gece ee ee cee None 
Bills -recervaile: eo 2a pss dacs coco eee aero nO $1,553.76 
A. J. GOLDFORB, 
Treasurer. 


Auditors’ Report 


We have examined the Treasurer’s report and verified the statements 
therein against the books of the Society. We desire to congratulate the 
Society upon the admirable manner in which the office of the Treasurer is 
conducted by Doctor Goldforb, with the assistance of Miss McCabe. 


(Signed ) REUBEN OTTENBERG, 


Hans T. CuarKe. 
April 10, 1931. 


MEMBERS’ LIST (Alphabetical) 


HonorRARY MEMBERS 


MOHICANS NN MD a Loe oe che oes eee sng ae natson aver eases Harvard University 
JRL E NE TET NS ODS 0 NO ae ah hae aa ae OP NOR Mad ol HER ULL Oe London, England 
BEST OIE AS UES Ge 1 le te ne eae aa ae RD University of Michigan 
MORTON Ave NATUR oR hsac5 Henn. ceca rhc ace Obst cuindadnn step ask Harvard University 
fT EF 30) hig Te Raa aOR Fee Pa ec aoe A University of Pennsylvania 
AOE Se OI Nee Se LS Oe en earn a, Ee . e. 2 e Paris, France 
TO ETFS Oia TSR RG ote see ee OS TAN Ne Rares 2 Edinburgh, Scotland 
ASTER TAN S120 oh Ca go pT NS Munich, Germany 
TREE aC Tas (Ad ea en eee tnd Ser Johns Hopkins University 
MEMBERS 

Abbott, SUCH C71 675 5 sl Ct AU ee ev i OS Sma University of Pennsylvania 

UAC an NOMLTIMG) eere ies eed ne ees Sa nt ieee Johns Hopkins University 
cai ore JB DUC) 2219 AR Oo Pe eee Mount Holyoke College 
JMG IGUYSS, MMOS TORS, pete eg none me eee cea ee Medical School, Stanford University 
NGilerm let ann lars ise ed es a eee Berkeley, California 
PAGO Fg 7 I Ay sd ie ane University of Rochester Medical School 
ANNES) AUB C0) Ripe ee ee peer American Type Culture Collection, Chicago 
FNS COLD pails Ea cai RO eran ene eter AeIOPE On rt RECUR nA co Washington University 
pe LOTS 04 SU 1 Be EER Remi ed ena ee api Bane ese University of California 
PAU Mee Pan tear ere me ett ete Pee See ee ee University of Missouri 
EUSTON DUAR Tass aE OE A i eer a N. Y. Homeopathic Medical College 
ARIF OMI Willy na Rees ese eee sree eons eee tece ere eee sae University of Oregon 
Jan) Saver ged MCh allie De Rents Pate aie a ene penn alot a eae see ieee oar Stanford University 
SIN ATG ZrO cl LO tert Oar cris Dee Smet aon ete = PON ORE See Met Mayo Clinic« 
Jo sPi SIRS ETE TI eee Rl Reg PUN ce EEE 0 Se a a Se Mayo Chinie 
fei cs, SUP 25) V6 bal Whee cp al eee Pe REI Sao Duke University Hospital 
BD SO as el ON VE ete ede sts toda nc sns enon sage ecent sme StccewaLeractean= E. R. Squibb & Son 
(SAAN TES nN) LRN OY 0 Oe Cl [es teaser al oer Fe hee ae net or Yale University 
FARO CREG IN Some CuI IN Cle eee nes co errr eRe Nee ee Oe University of Chicago 
HAG NSO AL, A awatenad0 pata Wry poe eae eR ra Re Rockefeller Institute, Princeton, N. J. 
IVE es ESA WY 00 ie J Re lo a University of Illinois 
Barwornsseaky | Aid Dai) aoa pee ie se Se 8 Henry Phipps Institute 
wis ais, 1b SOV) PUR Ne 90 oes a nee SRA Ben i ee Berne, Switzerland 
ANGI RPOENTE, TESOUOCE RO), eee ee ge eet eh eee ee Vanderbilt University 
SLES TN SE RES PT ee Se eee Ce Presbyterian Hospital, New York City 
OST 02 IG Oe cP eC re a Vermilion, 8. D. 
PRE WEURAVAVHC Sica University of Buffalo, N. Y. 
pAvialosared e) SG ns Oz ueek eo SL ES cee Huntington Memorial Hospital, Boston 
JOT OS Wa Be 1a eer eno OS ee St. Louis University 
PAGES OMite) epmedel ct Ol Lees ans 00S On eRe esc e, cet ec tee University of Pennsylvania 
Say ay IT ot ON ent pap clio nee ee ao cee ee Loyola University 


BES GI TOT RG ae a Sete ees 9 eee Pee Rockefeller Institute, N. Y. City 
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achem,. Albert. 2.< cscs: geet eeteetea University of Illinois Medical College 
Baelir; George 4.2 cata toate Mt. Sinai Hospital, N. Y. City 
Bagg, ELalae ys) sts cece est ie kee Memorial Hospital, N. Y. City 
Railey,; Cameron Vi sete as ca cor sence N. Y. Post-Graduate Medical School 
Baitsell,. George A. 55 gt coe cetens cna on one dasa Sees eee nore pre Yale University 
Baldridge, Clarence) Wise. 6022 o-- cence, 2s eeees State University of lowa 
Baldwin, W. Marming e230 22cce snc: -.c.cio ey seer ee Albany Medical College 
Balla Gee eleeeeees ps ee ARE nase tie University of California, Los Angeles 
Balls; Ac’ Kos shoare seas iedeiccce feat cs Ancchcsfaaien wat akeeeeee age meee ee Bremen, Germany 
Boaritens Ac Mieco oes Ba da Brown University 
Barach, Alvan ligers eo eee eee eee College of Physicians and Surgeons 
Barberiawee towards sn sono eee nee New York University Med. School 
Barbour sblemitcyy: Grisso so overes es eee eee eee University of Louisville 
Bardeen Charles. Rivet) 5 2s Se eee eee eee University of Wisconsin 
BaTlOW, ORO UUG SW. o..or-c eet eee eee Western Reserve University 
Barnes, ‘George Din Ree ee eee Stanford University 
Beier en) a yl os ee hee Washington University 
Barrons Shige Giese et Re ee ee eee ees University of Chicago 
Bags, Caries ieee ch ke apes teks ae cece eee Tulane University 
BYE ld Neh Ae [haan eae ay sas eMe A ee tn Mare tee Anatase EK t. University of Wisconsin 
Baier, Cael Se Ses. scene ae 20 ey ee ne Rockefeller Institute 
IBQumM any LOUIS ss eee oe eee eee Presbyterian Hospital, N. Y. City 
Baumann, i Jinks. tte ee ee Montefiore Hospital, N. Y. City 
Bamberger: (),sPercy:axst ooo Stanford University 
Bayne-JONeS. a Woes 2 he cet eeee, e ey ee eee University of Rochester 
Began 1 CO sey ets csc. eee eee University of Pennsylvania 
NBToU eb hoe) Eo! 2 Seas are orem aOR eae ORer Oe Seo avammaben wig ee. fe Western Reserve University 
Bree Wena mek cae ticse 8 i oe 2 acca gle Iowa State College 
Beckwyithael Wis ce ao ee eee eee University of California 
Belewdeamnet tery i... <a neete Cornell University Medical College 
Boldin SD avai tego cidade Sosceder tees ete Boston University 
Bellamvewarenine yoy eo abe eke University of California, Los Angeles 
USES ates MO pic pt ay eenere, ee oe ah Ream aERee Cornell University Medical College, N. Y. City 
Bento eA pe My eter oe NE Sh eee ee Vassar College 
fered oN RNAS, Bette at aa et eM Ree Ries ood 8S Columbia University 
Ber VW, BUN AIAN IN sce eras enc ttna chances Berg Biological Laboratory, N. Y. City 
Beraeinns OU es sec cents bck ee es ccnc agen neues Se cee ep University of Illinois 
Bervey: David biome tao ie eee University of Pennsylvania 
Berglund: eiildin cee ns St oe Zee he eee University of Minnesota 
Bernhard, -A.dolyh perce Sees to Lenox Hill Hospital, N. Y. City 
Beminen,. Ry: cd Sethe aati eee toa cee cod ear panacea University of Louisville 
| SHIR Oa Opens Sk I cater ee Mead, Johnson and Co., Evansville, Ind. 
Banger, Carl) Acolig sae Nt aseesc eon ce lt) Rockefeller Institute, N. Y. City 
Dirkhaug, Koma 0 ee reas cers snnae fetes tar-nconccseeseicras University of Rochester 
Bishop, Georeie 0B. cee eres ki enka suc. ke ae Webster Groves, Mo. 
Bishop, .KatharinerS., ee cn eto se Ne ua ee ee University of California 
Bisel lam wii Dh eats_ 7 Glee niccc 2. doe. 5 oe ee eee Harvard Medical School 
Blarr,.) ol Bis ah. :2 si ee eee ate es Hospital for Joint Diseases, N. Y. City 
Blakey: I Qh. 2 uc oeuee Re eaters rocco Yale University 
Blakesley, Albert F’.....Station for Exp. Evolution, Cold Spring Harbor, N. Y. 
Blatherwick, Norman R.......... Metropolitan Life Insurance Co., New York City 
Blau, Nathan Br snc fe taere terete vercc-n- Cornell University Medieal College 
Blink gi Las Stree no..c:curaee meter cee baoatccos.. 2 rhe Rockefeller Institute 


BETS) LOMO ona. 3,--nacsscecnipteepeseeesr = reeks tt atest ee A Tulane University 
Bloom, William ..........- rae sie 5, 8 Seat MMPs University of Chicago 
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PelOOMaMeLG ACEI Ma ee Stanford University Medical School 
COTM eel ck ee ha University of Rochester 
a lGaay eitarold sMiseret tes speak ME University of California 
TRURELTOE Wg OTS (@ 7 0S oe Shee, Ce Beth Israel Hospital, Boston 
ON AeA ee: Me trned Cte Oe oR nn ea New York City 
Bodansky, SUL oh ee eg, University of Texas Medical College 
Ley enI YG 1781 Be adhe eo fn a ea State University of Iowa 
BOdoy dichsardin kts eto h N. Y. University and Bellevue Med. College 
USO TE IRS go ee IRR Pc) AL. 2 We, oY a Mayo Clinie 
BOON IAL JANES CO.) COloe o.oo ene eg University of Chicago 
DOOURIDY «Walter, Mikes tc ctcaccuc cca Kahler Hospital, Rochester, Minn. 
dpOGuew tal pimeher eee tere ee a cco ate lea ee petite Rockefeller Hospital 
BOM CRE Wen ae eRe tte!) nn heel Buffalo General Hospital 
Bor crwcibiameby een carte Ss State University of Iowa 
Dovominen mnie hears et A aay Loyola University 
PSONOCTL, WES) te eee ea a op elon seedees University of Minnesota Medical School 
AP SELES eee 1 WMO SN TS Lg ry University of Wisconsin 
LSD sccn U0) Oy ig ch WM St on New York State Psychiatric Institute 
PB ranhame Sarah eee Hygienic Laboratory, Washington, D. C. 
Brewer, Robert K. ............. TE oe Rie ee BOD TRS Syracuse University 
EIN SSOS STS Se ne no a OS Sane SO cOE- St. Louis University 
"EBEO TUES OG) 65 Ca tI ae ie bp REE ae MER ue Washington University 
UDG. NAB ote cer ere ac i oo University of Pennsylvania 
nooks mC livid eyes eetnene Ble ey eV oN ee gee University of Alabama 
| CVE SCTE SI PON beer tek ee ne Oe Pf ee New York University 
BROOKE ie ALIS ae ee ick University of California 
“BIEN CE ei OF. neste ao) La a ee SN University of California 
Tee Roe, Eh, LO) ayceeeereee ee nae ear neeee MEN St. Mary’s Infirmary, St. Louis 
VBHO IOS TOE) ABS eas, oe eee See i i ne ome ee University of Minnesota 
Lenwinwadly Gls de binge nee bce ok caer opie te mai is Namalile mn -Ro eerie es Johns Hopkins University 
TEU eiley AIO) WOU Ye pene a er Se ir rp ee Ohio ‘State University 
VERON Grids AD EN Ease eee Se ae aR George Washington University 
IBTOWi pNVaAde wes. fe cee ae Rockefeller Institute, N. Y. City 
RRC ante COLO LA yee 2 ec cacpu cepanot te dee nides ssonneneetesyetens Iowa State College 
rrelnpiaa ders WVWiet ape meets ta cer eee eee eects Michael Reese Hospital, Chicago 
TES ee IGS GANS SA aa ne ae PE one aN Washington University 
PES Talon Cp Geren a tess ees se Pa eee ee Johns Hopkins University 
VERN LON EIS Ue LE ey WY IAG sees tee ere a ciao eee Harlem Hospital, N. Y. City 
CEM SCOL DES COR MTS LEIS 5 Bea none ae Pea Soe ce ae University of Wisconsin 
TEC hayCe, BS UI SAG re a Rae ROR ee ne University of Michigan 
IBY Tec (Cie 1b, at ee ane ele ne ee University of Oregon Medical School 
LGysni Sig E21, "08 gaa aR ees Oe he ae Johns Hopkins Hospital 
BeBe OOD OLO so oo ono nter sane cntcantsennntpnshonsesnnnncis University of California 
TESTIEDTISE 1 ACC) OES ead CO 98 oe aera Oe ee ane University of Rochester 
CEES CEES, Us FE Ee RC ya is en 8 ae oe Ro Yale University 
renee a ate RD cee ca cat acedes snneceaninanassennannvenie-wmaieeare Pasadena, Calif. 
JESS Gi ESYSy AS) eg 7 Sena SOPOT Fordham University 
“UTE TCC OT CESS PAIS 6 ade ap sn Oo Sone pee ne Columbia University 
Cannan, Robert K. .c22:.--.2.-- N. Y. University and Bellevue Med. College 
ere PEE OUTIL Ft hs e028 Fon osc cos sn one cesta omtnn ena cavedeseenecsomoene University of Chicago 
CEYECEE CNA DVEAL ES nig 8:00 eR Se Ss Ce Harvard Medical School 
CUTENESS Ne ECO sie ene Rt 20 aon eee University of Chicago 
(CATT S08 Bg] Shey lS Sa a OE University of Alabama School of Medicine 


Garmenter,«Charles: M.) -___....cc.sckeccnaes- University of Rochester Medical School 
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Carruthers, Albert oe ecesee ee tee ic ietacneee cae Peiping Union Medical College 
Cinartiers Ti dw a Gl = Pere ie oe crescent cee Johns Hopkins Hospital 
Cashit ha iieets FU re cates tect enteonn tes Peiping Union Medical College, China 
Gastellamig SATO, eee ee acannon das ke nceer nee cee ene Tulane University 
C AGEGULYS WE CIRC Bites rc tere yee Cornell Univérsity Medical College 
Cra fie) a ee ee 0. Relea Aewect eeeeecee University of Toronto 
COP tat e s pn Bc tener Roe st, | arr Cornell University Medical College 
@haces Anthem eee! eee oh eee yet ee N. Y. Post-Graduate Medical School 
Chara bers RG ONG, as o-oo ts ccna cos vetnn oon a tener New York University 
Olekeantovsuas,, NNVMMbiyia ele ee coe Cornell University Medical College 
Charig lieii@ inant) ts, ose eo eee ie Peiping Union Medical College 
Changs Histo Clem | oc.c2::31 cere seazieth tea cose Peiping Union Medical College 
Ger eI reins Cees erect Sahn ioscan haraeap eee eee Peiping Union Medical College 
Chen simi sor) tie Cincetnds one neers Eli Lilly and Co., Indianapolis 
Ghidester Ns Sil... 20 2 oli .c.stpe eee ee University of West Virginia 
Child; GAMet.., 2a con cute cae ace ae University of Chicago 
Chittenden, OR. TA ii28 2 aace.ceasieomy vase cameo nents sea ae ae a ees Yale University 
Chon ee ses i ee Peiping Union Medical College, China 
Cinstiangs henry: 7A. -Y een) eee eee oe Peter Bent Brigham Hospital 
Clharistrn. aim, PAs ai Andon nace tageeeeaetcraane ee eee ee University of Michigan 
(Clowenelavensyar, koe WW cect terercecs nen ec eree Cornell University Medical School 
Cai boy Gry NV ieee a et oo ates ace ok ace Lederle Lab., Pearl River, N. ¥. 
ClarksnP anh), nw lees pe At hea) aes ee eee University of Wisconsin 
Glarkel Elance s22 oie S re ee eee ee College of Physicians and Surgeons 
Clanasen Saw 1250S ane Strong Memorial Hospital, Rochester, N. Y. 
CVomceny (dl PAS Rk oi Sore ies Eli Lilly and Co., Indianapolis, Indiana 
COCATEAES RAP h A Sih) Steet enn Cornell University Medical College 
Bic) VE il € Sa) ee enn mR = BOER OUEST No EIBEIOR A Ty LF et Wistar Institute 
Coleg aeneut jcc 2 220 io wc ecacegeonsnscteeran eee Johns Hopkins Medical School 
Coher) Ni areinvrees erent el eter N. Y. Post-Graduate Medical School 
LO 0: Wail 2 ac tee a ec REN ORT Rockefeller Institute, N. Y. City 
Conn Vidya 8, So-et OUi a. sas ink de dectdeap tes cea ere Harvard Medical School 
Goliniiilisidometieceee tS stit Ste A 3 toc, -co ae oe es ee New Orleans, La. 
Coleg Tie Tee eites is beenenessnniehovasdencasgs obese dctieteeueenere tapes University of Wisconsin 
Coole, Hraibuieslistag 2 ete t a 8s 8 sant cree ceeds mccene te Rockefeller Institute, N. Y. City 
Cro hes WV HE Leann EN eee ros rcs centexe civ ea cchwsnancoeracasteee eee ee Rutgers University 
Coleman, | Wak ROD eeepc coe tases, New York University Medical College 
Collenis, AW anes ae eles is neck ace ok ey ot Brooklyn Jewish Hospital 
Gollett,! Matyi iii se tsk cn sacs cessvcnscanccuccuceotatssatoieeey Western Reserve University 
Colliery: Wari awe DD Sieee 2 ost eee Sonos nncta ove cs, OR a St. Louis University 
Collins, Hs Freon cet etn cc tet csetese sn tectcnceeeencentennte University of Pittsburgh 
Coll, J Bee eek. ei cctreatrentntenstldnsneescasestgasene meoramri McGill University 
Gorm Vin, Tg Geo ora ees en eeseees te elt ach tho. batns ea pe Princeton University 
Connor, Charles Tb: iss atescctersce University of California Medical School 
Cook, Donald H.................. School of Tropical Medicine, San Juan, Porto Rico 
WOOK, Sete cent ahaa Ace ta cane ee University of California 
Ooolce,’: Jd MGR eet eS ae eats cits. Jace ieee a ee Washington University 
Coombs, «Helen C.., nee ceteea ieee ee New York Homeopathic Medical College 
Copema vet osW > \ Mi cssecert coon bpetes bach ov ce agen Columbia University 
Cori, (Garlvi en 3 eee State Institute of Malignant Diseases, Buffalo, N. Y. 
Qorley,, : Gta: ©... 22 oe pes oes sete cs cee ccs one Purdue University 
Gorner,: Geena W . LM waa ea ates ahaa. Sak eee University of Rochester 
Carper, | Eat dio: anew wnetee et a National Jewish Hospital, Denver, Colo. 
Coulter, (Galvin: Buccaneer Rn Columbia University 
Gawdry, MECC 2c Ae eet B55 Joc225s utc a eee eee Washington University 
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MOON ls RET eG +22) sp aa a OR ate a Yale University 
CPARIP LON ROW BEG oa ounce do cobcesiacatinee N. Y. Post-Graduate Medical School 
Crandall, Li. Any Ji. -ncecoeecoeecceeeseeeeeeeseeesneeesseessseesser Northwestern University 
Crile, George ‘eR ar RSE rp ch A ee Western Reserve University 
Lieliel yy She lt UP 5 i x2, aaa ae a eon ne ee Mt. Sinai Hospital, N. Y. City 
Crozier, Nika E20 2 TE eam ir Ne VOLO 0 ae ee Harvard University 
OPEL TS SIL Tess nel! Ea ee can Cee Dalhousie University, Halifax 
COSTE RSE DAN: ae ie ee U. S. Bureau Chemistry, Washington, D. C. 
Cullen, Clemtipin mero. 0h tenes Peeks ok Vanderbilt University 
ECTS) 2110) (OO eo Sd ene Tulane University 
ON UES TELS 106 a oy OI te? oe se ee Vanderbilt University 
SOE Cp IL 1 1 See £0 Seay ae nee ee ae ee ane University of Chicago 
EU Me ML Arete as i ceta co ache ed ru taenver suis hau heensip teste eies Columbia University 
TESS Wl IG ck 2) | rE Harvard Medical School 
COSTAE AS DUNE COTS oS O20 eee eee me ee ee a Western Reserve University 
CEMA ATI inte ete sa A re ee et SIE RD RT EE University of Chicago 
JEW | CUNA 62s 2 OL EAGER Oe Mer SL Uaioe eave rt Ue Te Oe Ossining, N. Y. 
PENT ATE Oh ce he ls & Ley Nees nares SOE CASI, Rea ew pre Stanford University 
Oia rt NN AOD Shee Foy cdoorc evan dend actte eantassacdan hte woe University of California 
UNA OUS AUP SLL och oan ee. tin. aus teswanwdesapiocecacbeceauancesn dee University of Iowa 
ID ewativel ey Tears he tSa 0) se cao aa ee ee ae eee ere cee ee University of Wisconsin 
DBM ATL SS Nee. d cea desd eles sade ee oece oad N. Y. Homeopathic Medical College 
Davenport, C. B............. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Waves WinItTIdS Cre en an teow ee The University, Sydney, Australia 
JOYE ADDS cl Fae of ee ear pat SE RE tare a a enh LS Wilmette, Illinois 
JORERVASE, ANU EU SG eu Eee ep reer eR nee ve ert Rockefeller Foundation 
OEE AVSOS sty “NAY TUN Oy 01 cl 1h © yobs 4a oe enema Sens ne erage tee eae ecg re aN ee Duke University 
Dawsoneneamlies Al eee ie, 6k 8 cet en aceneenesecte- College of the City of New York 
IDR del date Ss oe oly a ene eee Northwestern University Medical School 
LD YS: Lao Meh VEN Coy eae eae arte tere Meer ieee Stanford University Medical School 
De Griati, pone Cte eee eh A N. Y. University Medical School 
TO) asi erm © ap ioe eee oo os le Sn Peter Bent Brigham Hospital, Boston 
DYES alll ye5 (Sp 2) i a a a a ee et tte Columbia University 
Deuel, Harry J., Jv............. University of Southern California Medical School 
ND Te SO TN MLUNN © eet les Begs 2)n aeecaet ane Stanford University Medical School 
Wienes WO UIs were tee ek Lene tose Massachusetts General Hospital, Boston 
Wietaiders Hrancis whi... -.ccsc- ee -asccece Peiping Union Medical College, China 
TREES INS CLES 7, Nese ea Senora aeRO Ohio State University 
HB acla ez, pe AMIE sme ert FOS OSs Tee eee Presbyterian Hospital, N. Y. City 
1 DPR ICE IAT Cs TS cl ea eee :...Stanford University 
MAMMA WAI A ok ooo ccc san ocan tance owt dome nbernn stecteidtenasteontstctestbe St. Louis University 
MGA NNR Dish gh Veeco ance ce ne venue anther anerebactndenvevcease-vsnensdeseon= University of Buffalo 
JB Yoravl le tevoniis a le. 1S eve aeay eeceereneeereee meee cee emer Wistar Institute, Philadelphia 
MSS TA CON) Be) sea 02 sce oe conn vecace nde famaneecnseeesip tare op anon University of Pittsburgh 
Paar eae ce oe op on nga pdann tse ynep ances Sel enectspetossonesestnseteter Syracuse University 
TPT SO VGR. G1) fo ee ee aaa oe ne eee crs Yale Medical School 
UTES CT CE Dog (73, BA las oo? pe nan eo Pe University of Pennsylvania 
Drragsted ty Card Ao. .a cnc. seteann enn ncnenseeescenececet eect seennsecene nes Northwestern University 
Dragstedt, Lester B........--.-..--.secseeccccsssenensetesnerseseseseces Northwestern University 
Draper, George W.........----------c-csccceeescseesnceccneesenensesesentenensens Columbia University 
Draper, John W...........-----:-:-:--cscesscessteeesessseceennnenecsentnnensenaneeennesess New York City 
Direct ebay) ME facet elecewec man sates ct cree sete cnee nc senneenscrnes Albany Medical College 
Dubin, Harry Boi. .a.-------n2n----o-ceenenee tenant ee eoennecveneeen Metz Laboratories, N. Y. City 


De aE eB ch ec passe nctannceenesetonhatcevteeoabennoe Cornell University Medical College 
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Dinars) Bh es, 3 ete ee ayer carpets nee ere University of Wisconsin — 
Dyes t sO Pres Opes esa kee Bet ee) eee ern Ree a cca ah Columbia University 
Dann Max feat ee ae ee ee University of S. California 
Diverrregnit + Fd wt sa eee a sansa nn cok eee Ohio State University 
DD te lier’, Rd Aid ari See teas teen vaopncatnnceonneserrmeseeeeee Pennsylvania State College 
Pyare Gy VU Reece ia ached eae Tulane University 
Dy. SOCS Aiea te ee tes Shes ons ee cee Cornell University Medical Coliege 
JayendSCoyahy Mey CPG ee Sse ee eee University of California Medical School 
eG iy ag MUNG E reeks A Secaey - ate o-ccat buenos annea ee Western Reserve University 
NOE a Poort Oe 9 Uo se eee nO EEE es sre PRs Mech University of Minnesota 
Helkisteiaas Elem vy Goo on accateaatesSoens niece nade ashteame te uaercer eames University of Michigan 
TEV y po WV eileen Sens pees nc aay Sen rasa ee Columbia University 
Bbc prntari Ss CW arts b oor cl wad ace spe see emcee University of Michigan 
Wd wale d Sie WA. -2s ease pase acer tees Cornell University Medical College 
Hidwear sys eho lina Gs cco encase capeceacicntn area bar oeree eee ae University of Buffalo 


Eggston; Andrew A. 
Manhattan Hye, Ear, Nose and Throat Hospital, N. Y. City 


Wishesy, SH arry Bk. ce N. Y. University and Bellevue Medical College 
TES gpg IM exc INE oes isk ccc saan stn p naa sRams acep sewed mete pee University of Missouri 
Hisberg pO harles VAs o.oo lanes Neurological Institute, N. Y. City 
BESO Rete WV otal oe cect sas Aw csc anninestcae een Cornell University Medical College 
Homie iy HE gg Sega ek os RS oo, eager cee University of Buffalo 
Binge. s He elo per ee et 8. ae Columbia University 
Hp stenay vas AL se ob ie 2 eager ce ee Mt. Sinai Hospital, N. Y. City 
DY CHAVA TT AICOCL ANS 5 oo. scotn cask san teereraees me ernee tea University of Berlin, Germany 
Hirlangerie J OSC p Lyte sees. one ae eee ee Washington University 
Harte OF DONE Mice oso oncncasncposnseeceesenedee dea baeee tees cae University of California 
VOR EOTS AN EET ase ate nae meee TR ee eee eer oh Cornell University Medical College 
DY Sber cl RAS ts 2 sah eae cee te eee es University of Wisconsin 
Feber, UN 22101 CQ ie epee ees sae pert Stanford University Medical School 

Palin iC oorcer siete, oc hots eee ee University of Minnesota 
eA ei Ae Fi aS aR tees ae desea o> psn veer =n an cach gece ae ee Washington, D. C. 
Ha egy iy GeOrcee titpiess ooce-ccessacaceahsennsastit Harriman Laboratories, N. Y. City 
Halle; Wredevick wrt sun turret Ute Geet eee University of Illinois 
Bamilenen Teg Wesene toe aticcco te ee Se St. Luke’s Hospital, N. Y. City 
Harnier . Chestensee ores ete ene Northwestern University 
Parish, apie ats 6. eters sae. coca f ca ite nne hl ee nee sae Tulane University 
Menn,- Wallace. Ore. Gat scat - University of Rochester Medical School 
Le ih eae Sg al oe le Rape aeenmoeane Rye AO Harvard University 
Lp OR Oh geo T SN ea 2 re Heater Memee Ono rei FL New York City 
OSS OSIM a atte aces. $8. 5 ase gr am Te ee AS Battle Creek, Mich. 
Biisehier, iA Wert jc alee setae fees rer enn ccleaner eee Berlin, Germany 
Fiseher,” Martin] Tl 22 Cesscercattec ehee eon conn cecconccoureet ees University of Cincinnati 
ders cava OL ESN 2 Spectre hss gin aha kes Meni tree a Koc GL NS New York City 
Higher," Nolan Wis. 6 ic ssc inctener rest coos comecs saat St. Luke’s Hospital, Chicago 
LU SREeL BMG ag er exec ere noc 5. A Re PR ORM OS University of Minnesota 
Hitz, Reginald». cct Siete teas esonmeccangcnsancp cannes Peter Bent Brigham Hospital 
Bibrgeraldy Vici G soci cates eee ed, University of Toronto 
Pleisher, (Moyer: Sil v.20 aerate cee: cla nega St. Louis University 
Hlexner OMG i...-. nee eee eee ea Rockefeller Institute, N. Y. City 


Hlinn,y rederick Buc een ae ee tee Columbia University 
Wlorence;’ haurn’. ic: 2.5) sees aes New York Homeopathic Medical School 
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Borer mr eb yeereer Reh eR A Milton, Mass. 
Ue pOMTaE YO Lavette fA i eee ee oe ise Sedeael cates Boston City Hospital 
INGE CUTE ACW S tL) el. clash ae me Peiping Union Medical College 
ORIOL a OOO Wan cts ft we RG Pe Sk Columbia University 
IGS LC Ten Ne LISHED eee Lene oun NI Oh ee se New York Hospital, N. Y. City 
UTE) GE, id ANS US ae iia aroun ras) 2 9 Mt. Sinai Hospital 
Beamer. @ hester INaafii to Sec ts et Peiping Union Medical College 
TPS 0g | 5) RA ae eR ey Os a University of Wisconsin 
LOOTED DCT SG Ses Ok eae Re fate tiene bal Se STREAM EED 3 Metz Laboratory 
LSE EDL RK 2] fie pO ee Columbia University 
renmidnraitlesiin ee! Shee in IER oe Henry Phipps Institute, Philadelphia 
Wridericray Din Seeere Mie ki ee University of Copenhagen, Denmark 
row istoit Mibarirmend alts es RL cal, in eekens cece Rio de Janiero, Brazil 
ME EV RMT YS et I 0 ae A New York University 
LETEN ER En a SURG CS OS eRe eee DES Ons ne OR MRP eS aOR Iowa State College 
MGR To OUP USER O e te uo Oe ae OR 8 a Yale Medical School 
Hier PEs CETAWCTE Ig 2 sc tet ik Seen en Weis Ome tet ne ema e ee RNG rN Heo asl Paris, France 
Hi erichiny od ACOU NE eet a aera Eo Henry Phipps Institute, Philadelphia 
BEDLET MOO Ele mtr fo vce Ne EA ee oe, Henry Ford Hospital, Detroit 
Gacer ne wotuarte =e. Brooklyn Botanie Garden, Brooklyn, N. Y. 
CRA PU ONp lig tees eso Ss 5 co A oe sai University of California 
RT ATAIG AINE yD iai.ci2. wie en eee a Cel A ee eee Harvard University 
C5, CEE Paap NLA) 09a Be ea ean ea a a ee Lenox Hill Hospital, N. Y. City 
Gardner lceroy sleet ne ek en Saranac Lab. for Study of Tuberculosis 
(CARRE VW ,uRV) al teIye ile eee eee eee ag Se ee Vanderbilt University 
Gaskell sO ume ee ebasee ls ete AR aie etait eee eet cee Bee Cambridge, England 
Gaccerm rier bets one ee recta eco us ta ie ek wala eye Washington University 
(rahe seme L POC CTC ke pliers tee RE ed ee Ne ee ee Cambridge, Mass. 
CG eee pee eg ee eats ce eee Sect A ens Leeann oe eran ea eo Columbia University 
Gerlinok Rie MUSK 2 sie ane Sek oo ne Johns Hopkins Medical School 
Ce MEATS PS ANNIG re Dee Bee eter scnnn hss Meee acts te University of Alberta, Canada 
CC) TGR LO Sly gC Ree ee hs fc eer ee en University of Oregon 
SE SURE RG bl Roe 7 Nts fa a aa Pe ee an one a University of Chicago 
CE OST DENY (V2) gt ts ONO ce genau pe Pe te ae PE University of Michigan 
Getter PACE Re eres este ee University and Bellevue Medical College 
CREST I CESS 2 Aa er ae a en eh re ne ee Columbia University 
(Giiopeye bey’ key] Bye co eee eaese e aeet en c University of Iowa 
(Giese orl arin I jsaseer eae ra ech eee eee eee elt. 2 oa Columbia University 
Giilllverstyaplin me eter ere oe eee ese ermerees oe pene neve University of Wisconsin 
(Gaiters ae aS eee testes cece oc ee oe ene Mulford Company, Philadelphia, Pa. 
(Gaivenere Mia ai Cone: meet soit e cree ee eee Northwestern Yeast Co., Chicago 
(GUNS Sait MO TGUOY: ae ee et se a Seca rs a pt ere ee ee Amherst College 
ro (0) OA ag ond ge am ae ances E-Book Naa Cornell University Medical College 
Gol doer orm Sam Ave eet ant neck eo nee eee Presbyterian Hospital, Newark, N. J. 
(Ciovlalov kenny Ua leWta tye ee sce ee seesetece ee Cece carne ter seer herrea Western Reserve University 
GoldibloomepAtpAlll erie fre ce seeker ane Beth Israel Hospital, N. Y. City 
Goldtone Aap Mien PSE OT AR ee College of the City of New York 
CB PSIG FE*S Ce Pe RS NSE 18 12) Be RlaaRe ore reer ra ee a University of Pennsylvania 
CPE LS Ry es ENCE tie et) eh ert a nee ee University of Minnesota 
Gottesman, J.(Marmorston..:.).4ccst 3. .c------- Montefiore Hospital, N. Y. City 
AERO GAIN cee eno tann etch te gers ehnt natn naceseene<onntenenttng antares Tulane University 
CPT T AS SNZ2% iy Ee pe OP do) OP ere Washington University 
OSE LE pT TERE MOMS dienes ne oa St. Louis University 


RUN eS TION EL ha oe Eoaatgtensrccvencrebesteecscpnetntnennne Jewish Hospital, St. Louis, Mo. 
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Green, Robert GQ). :.s- secre See es tee ee University of Minnesota 
Greenberg: D avid (IN cc oe aot University of California 
Greends~Garl Hiiizcic toe eae Mayo Clinic 
Greenwald, Isidor: 4.022.424... N. Y. University and Bellevue Med. College 
Greer Bel Seen 5 eee eS onc ah ere eee University of Chicago 
Girezory aon se reser re eee ose Barnard College, Columbia University 
Greisheinier; } Betherdi cg cscec.c cco ee University of Minnesota 
Griffith, Fr ea LEA Lic of a ae eee ORME B RISER tHe. University of Buffalo 
Griffith, Wendell 15 Gs Sa er seen ee wikese A St. Louis University 
Gross, Erwin Gee Reh a ON eee State University of Iowa 
Gross. alongs ena a ee Mt. Sinai Hospital, N. Y. City 
Gruberg' Char] esp Mia ose 2 ee Washington University 
Grave slats ra sl yess bt «keene eae eee eas ee University of Washington 
Guenther, VAST euyater . 6 eo a ae eee University of Nebraska 
Guichot jrOiar les 5. bee ce isoe2- katie uaa ee Eldridge, California 
Gustavson, RUG ee acid bax ee ee ee University of Denver 
Guthries@sC eet cia ee eee University of Pittsburgh 
Gilet Are oh it ti eka rey Peiping Union Medical College 
Gaver,aMichaelh Mai fo. 2 oe) cache eee eee University of Wisconsin 
Hadley, Biri i Sk ee University of Michigan 

Hafkesbring, H. Roberta.............. Woman’s Medical College, Philadelphia 
Hagan, e Walliany SA rth yr eke ee a eee Cornell University 
Hall, ¢. Svinte S81 e SE BUR SIE A gv ocee ee renee University of Colorado 
Hall Manest; Mee University of Southern California Med. School 
Halsey seSiohinr he ose Pe ge ee oe Tulane University 
Flalseymiobert rises 212.12.) een eee N. Y. Post-Graduate Medical School 
EVamiburcer saVView Wit os <1 nce S Cen ce ene) ace eee eee Rush Medical College 
Elamul Conse Bree i@e oc ies, Oe Ds ee ee Chicago, Illinois 
Flamer, Gea east ftc  ce tek hee ee Iowa State College 
Hanger, ciranilinu Met) cee Presbyterian Hospital, N. Y. City 
Elanite Maret Oe hee Se ne che ee University of Chicago 
Be Rs) sgt ag | bce WP en NE Reade REE IY Peiping Union Medical College 
Hanemin eG Sie e ern 8, 3 Wo ee eee State University of Iowa 
Hanson Prank bees, ce 3? 08 ole ee Washington University 
Hipinabhik Pieter eesco tees tetera es Stanford University Medical School 
Hardesty, Trim sit ece ret oop Aa hi ass Tulane University 
Harris, Teaaen enh stiat eos, oa seans. 205. nol Re ee Tuckahoe, N. Y. 
Harriss: Resinald (Gre ees ee oso sl ee Cold Spring Harbor, N. Y. 
Harris,:: Willian) ieee ee el Tulane University 
Pharnisorl,” Esto eg eee ase aks 225. 22) 2h ep a Yale University 
Harrop) George As, Sretiterec ees eas te Poe Johns Hopkins University 
BRATCON, VDGtNy AIitiel ie, wocereee er eile cy, Co ES College of the City of New York 
Blart Wd, Ue ee eee ed hen 2s Soe University of Wisconsin 
Hartman, BO eae ec ne eter cd es sna, SE a University of Buffalo 
Ebartwell, sO bir 3222 ee ete sete. c ie Cornell University Medical College 
Harvey, Ihc New ton'.c52 20a), eaces rela ase roe eee Princeton University 
Harvey, Samuel ©. 2e OA eyes ete sich ioeacakese eee cen Yale University 
Hastings, UA Paid) ae eet acne an ok University of Chicago 
Elastin) TOG ako ota tances ao cs auekt ei eae University of Wisconsin 
Hateher,- Ri, nAct se ttt. die eae eecemeest Cornell University Medical College 
Hathaway, Bdward S$. er ee ee eee Tulane University 
Ebay DP ./ Boo eeece eos saar-<chossch as saeeesee ea bet nch cnn. toe tenet cee New York City 
Hlanwikiris, = des Acc.) Svar eer ke ne ee eon Washington University 


Hayden) * Charles H.i:.22 5282s eos ceva ee Un yer ere ae Cornell University 


> 
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Hav i horny jaminoh Hee 0 a) Urb Singer Research Lab., Pittsburgh, Pa. 
BAO pete aU Llc lpee set ee thn) we eect ESA Columbia University 
Heidelberger, GUC nae ire. ieee © Presbyterian Hospital, New York City 
VOU Oram U law et ioe tm 2 fn etnias University of Pennsylvania 
JERE “UC ciel ah ee Ra OL ee New York University 
Seine iam teniyry ete ees in oor RCO C3 hee Mayo Clinie 
Ve RSV. SCT Pig 2a at RR RU relearn Mayo Clinie 
HCN Wy be) uh tis A Sele a RI ete ARE eles Ad aie aa University of Texas 
Tie KEV ACE NOS ET gd Veal Ih a nn pt ae University of Minnesota 
Perini mls Uy sig ee oko eae et pees Ley ce Tulane University 
ROR HATALTAL 72 yey) 8 yr Hone RN a el rel ei AR St. Louis University 
1 SSSR to U WAS U8 Thales an a alee cael College of Physicians and Surgeons 
SHENG TOPE » Al lave Ih Sh Seer RR oe ees U. de Gand, Belgium 
a ert a COR COR MN Orr  hic ces PAO cae eee tee Ph Mayo Clinie 
js YL) 4 Sel C1 EWAN” Rae ie le A ane oe Johns Hopkins University 
1 WHE SSE ECTS) [0 Li eS eer oe eA A il aaa el Rockefeller Institute 
LE WECIETY VAT 7 a a 21 Soe a URN ARO eset WER Aa bel eR ote on AR Yale University 
Ing Noe LO! Miter 9 ee AAR GEE aS ee ane State University of Iowa 
ITI CNS ENE ATION A ONES Meu nia 8 eee Ulery cane University of Chicago 
PE OUPRR ET i Beg Oh NiRRg s  aaeS con RE AR Sa DANN SLR A CRED Caldwell, Idaho 
1 Bye 8 FANS TOTS SA Wig VT Cena a eR ace eles er dt University of Minnesota 
LE INRER G45 LED ly ee are ei Be ls Ae eles Co cee ee University of Wisconsin 
BLEED OG SS LAM RE COP: el tale a Rea ee SOO ali BO i ape Ohio State University 
EVoepplinmlivsgel: Caceres casee Neen ee Peiping Union Medical College 
Hoffiman, George Uo ee Allegheny County Hospital, Pittsburgh, Pa. 
nol mGeorge this tem ce Department of Agriculture, Washington, D. C. 
Teal irae aes A DVR WL See eae ra ae a Peet ie ee eh AR! Stanford University 
LE ROMANE Way < NAS MS aR I a a a University of Toronto 
1s TeSys ee University of California 
POM emai e bbe) meee ke een te cad ee er Johns Hopkins University 
LOG Re rg AV CTU OL gerst ae ce cetewn a eee Seceses esate aeeesi sans University of Pittsburgh 
Hookers oamtords Beso ea rao eter ties ae Boston University 
CB Ree Las LOH (Railay ae Ca Siri anya daly ASE sen Pr PR Metz Laboratories 
18 Royo fahtavSpy A] GURU ANS Oe Bee ee oma Nie Sy ee ee ee tee ee Columbia University 
LOT Os el DONTON. mxcete- tance eco anes acnnes St. Elizabeth’s Hospital, Richmond, Va. 
REV aap bet sienna rm Ove se eee eens aes Peiping Union Medical College 
Tes eave by 2d BLE ea Gp Te Io ee tt ay ey a Washington University 
TE Lonny LEMON ON ee aa ee Department of Agriculture, Washington, D. C. 
Te bayer Ly LER I is a Michael Reese Hospital 
TEPER Eye & MO ae Raa gn Sas piles soe ae Johns Hopkins University 
iBlomptlenraxdls. MwA 1B sak he ee Fae ols Se eects eee ee New York University 
nA ocd eT VO OCI Seen ets e eae ne nd eee Clifton Springs Sanitarium, N. Y. 
1 cna Bee Ba Nas Es ee Cees os A ie od oe University of Michigan 
TER wero, IN TEA aT a Seas se a i i ee i Sh be ieee eee University of Chicago 
te OG aE ROMANS be tees. cic c5c conuct os saa an kseae teh canwciasecunstnaesaracer Rockefeller Institute 
Ve WA cTES Ge AIRONET iti esl BEI Sap Pasa oe 0 ae amr University of Buffalo 
Hunt, TES ae 4 od a MA a Oat hos Mea ha Harvard University 
UB ware Cea fey INU Sg ce a ee tr een ae eae Mulford Co., Glenolden, Pa. 
RAMI pe DS AUN Cfo aoa eco sae pe aaecagedaactaatavenacc<a=sn-ne- Stanford Medical School 
US ITPISEL OR ye | BREE TTT Va lech ME aan eo an ae Yale University 
rae Fbity oe EWE CO eae ek See OR ae BCRP y 7 oss a Sa pee Rockefeller Institute 
ISAACS pe EUA MRO capes b=. ceea nnn dntes Simpson Memorial Institute, Ann Arbor 


LESS CARATS E Ge CMe 20 aie a let lea Northwestern University 
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Tas ume Fie)! Se PORE tie C 2) PANY POMBE eee a5 University of Minnesota 
Jackson, if tPA iy bl gel Po A eiluene debate Bact University of Cincinnati 
Jackson, Hemry, J 0. fete cartes ore nsec asccepecene ener ecae Boston City Hospital 
Jacobs, M. i DPR ee Se ee ens Ue ee pana n> University of Pennsylvania 
Jacobs, Walter tAc. ieee aoe eatiapcte acces Rockefeller Institute, N. Y. City 
Jacobsen, —ViEtor = © Lae scres. fae te caste ace aterm eee Albany Medical College 
Jatheys Henisy alesse eee aera ee Hospital for Joint Diseases, N. Y. City 
Sadte,, Richard Ts Acer at es ocean eee ee ee University of Illinois 
OATS, PUT Ceo occas, Neto sansusiat cen sek ee Seach oe ee ee University of Iowa 
JETVTULTI O'S hg EA ee Sy Bette ce tact Seen ee ee wee teed ete cee ee eee Johns Hopkins University 
a OD ITTEG eC cece oe casos von coadetne mance bee tage te eee eer Columbia University 
J OUT T eh ed eet Neocon eee Vanderbilt University School of Medicine 
Yd be) ARM cio)" <) sah) MON eatin mane Nits Rw tcieyt ecto. Ln fs Spa BSE Tulane University 
Bs} 551-70) 1 wee, ODS: VR NAR RRS esti mnOs noe oni}... Sor! 9 IP University of Chicago 
PLCe) snoksCah ov Ors" Oi. ewe Peet te pMee eM iE oh gan ci bicerd University of Utah 
VOI OT GS DGS ca. oo8e aencicn tment oe nc eee Gore pee eae eee ete meet Yale University 
POMBE AUGOM Ga ceases. cso fesse te Re ee University of Pennsylvania 
JONOB se HM TEMOTICK SA: ec rcsedoceeen sts Berseesanont Rockefeller Institute, Princeton, N. J. 
POR Ma NS WEN 2.0208 sect caceane anseag ee es ee University of Chicago 
A er Rs Dem o BRaN Ope name mone Meee Bards aioe AS bos University of Virginia 
JOUStAC sala el esse Barnard Free Skin and Cancer Hospital, St. Louis, Mo. 
Tosi ES ee see een a ST) ee ne ene eee a Boston, Mass. 
Julianelle, Louis = sae ohne beds A Washington University 
al nua veney fl sy MR bees eae Se nee en ak ae Northwestern University Medical School 
umm Seb lites laces 2s ere es College of Physicians and Surgeons 
fc abs, 1 (MEO SEV 2.2208 sare ces ee oe ee one eee Beth Israel Hospital, N. Y. City 
rahe Morton: Ci nce eee ee ree Cornell Medical College, N. Y. City 
ON aa Ro) a gee cee eR aN University Hospital, Ann Arbor, Mich. 
PROTEST CTs BL Se ageless 2. aero ne Ne ee ee Western Reserve University 
DEES I Dis Ryo Pies oe ee a ea ye ooeer acess N. Y. Post-Graduate Medical School 
atayamieas lees none enna St. Luke’s International Hospital, Tokyo 
ASCOT SiN St rs HOON SSR es Ma Rn ee BC Lent Michael Reese Hospital, Chicago 
Reet er, SWC stores se. sic- ca. tcc.cecentcsca ttecopci-e Ree me ee Boston City Hospital 
Tee tO LOM eR Wises cens Ns ages cueee dete ee eee ee University of Illinois 
ESGETT S al SUR A ee N i ome PEER RNBE EO SE MEL University of Wisconsin 
| GIN e Fe feane diet d & POE RES 0 aie eRe teri ho Sa University of California 
Kendall Atctinirrys leeeerres sae senor Northwestern University Medical School 
Kendall Wi, |G cee he tegen 6 cass beeen cach ci ee Mayo Clinic, Minn. 
Boers: Walter coe setaetocste = pct ensttGs sens: -University of California Medical School 
Kessel, SRG) ebay Mehdi we ha ee einer enone! University of Southern California 
Key, Johnidet pene. ae Shriner Hospital, St. Louis, Mo. 
A Ga US Ws Wage J ws Wane etn 2) Cy SARs See N. Y. Post-Graduate Medical School 
Time, selene eterno ee eee Wistar Institute, Philadelphia 
Kinsella: Foal pir A teste i fe odete 2 oe ee St. Louis University 
Kirkbride; Mary Bie ol N. Y. State Dept. of Health, Albany, N. Y. 
USE LURE oa Me NaN TER Ac else et ee AN N. Y. Homeopathic Medical School 
Kieitnan, Nathamied. meses -ncc.n ten. eee University of Chicago 
LG Tied Cagis ON RAGE ae aie Soy Tees ORE Hebrew University, Palestine 
GDh areRey oom C hater Rpene NN, Ls. AUNT, Mt. Sinai Hospital, Cleveland, Ohio 
1062, s OBR a Ws oo... sue est SPR esSetin vase Sune University of Toronto 
Knowlton; Mrrank: Po) ie eters oct cee Syracuse University 
Rnudson earth Ure...25. cn meen lca ene eee Albany Medical College 
Kober, Philip A= aupsack See Reem ce etc ot ee G. D. Searle and Co., Chicago 


Koch, ‘Blizabeth Sock gckge eee RS ecpeecnerneeenerensestnccusssoee University of Illinois 
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Koch, OLE Ces 2 See ei o,f 27 See University of Chicago 
JECES  g HIGI SATS ED Une gS ea i eo eR Greenwich, Conn. 
Wipren leony Also WHS. os. canine atoaeee Santa Barbara Cottage Hospital, Calif. 
SCLIN 3, ORES: Va Seen am ae University of California 
Koln, Jerome} Lassi... 2c5 eee Mt. Sinai Hospital, New York City 
Kolmer, AKO Sg tae ee ae nee Lo eee University of Pennsylvania 
Kopeloff, Nicholas Nantel h: SeP ede re Ad, Psychiatrie Institute, N. Y. City 
KRoppariyiy | Theodore .ic).. ssid tes ‘Georgetown University Medical School 
A ROUME RON co ok me Ges) a ee Olean, N. Y. 
Koser, Stewart Seta A OOO Silea, ort chcrecaretecs ayeletete res tec University of Chicago 
Werpaae os wma a. fers Ae alae aceon bre cw ce wen Brooklyn Jewish Hospital 
TSieenom pu ramces dee i fo. NO ie ee Columbia University 
LO NIG gli [= Spiders ER ea ee es ie eee ae ee Brno, Czechoslovakia 
RGHIOebs RA hth inti). tutta Be cavnccessesusedeehe Rockefeller Institute, Princeton 
IG EET Cs os 78 5h a a RO ee PEI CA University of Pennsylvania 
VC ts Cs 0) 01 (0) an EO University of Pittsburgh 
TU OHA aS se RaINO WOM ii. -acssavessclesccecedsessnsecushctw Ananda iesiattons New York City 
iu dewsVarcareteiicdnses. 1.) Pisses See ees hee University of Chicago 
Kersey NEOs perce Pitt i diccesscdusncsts Rockefeller Institute, Princeton, N. J. 
UACUAD JA Te (2) ae At cee) see ee aa ec eee a St. Louis University 
PLUMB NL LLLARYE Re, fates Soe) 0s tecaghanat Lay cataod ences Sata Presbyterian Hospital 
DORN, Mite UG RIED 2408 Ee perth ae Ceo ee ame Seat University of Georgia 
iBpstTIO GI wey Aw reins Pn IA. a UN) bc bie ee ei ere Rockefeller Foundation 
AWATS OME AMA) Sete tee ME SN eee ped aces ovazctecc eee Vanderbilt University 
WamsonmRojerti Wee ee ee ts Le oc Los Angeles, Calif. 
Cenacle MO, Oe ee ay ere eRe ad 2 a Rie ee Rae See Tare Columbia University 
Waa Stet ors eat) et Loa Be es ec arse ronce Se Rockefeller Institute, N. Y. City 
Lgenavogsiiaoyil oly LUO cl RE a mena eae, oe weet ee een re ee San Francisco, California 
oscars URE CO) Mei fest ae bite Wed AEE ae ae acces gceabeserect a University of Oregon 
Uoptesravel, LBV eRe a6 le as aes er Nese re ee ems ean eee ele an en Temple University 
J bfemesrouayt jel, cle Ne een eee eee ee Paty Institute for Juvenile Research, Chicago 
HSU SO TTNMAN ete Me tice oe ee. 2 Sena ec nee run ee ME See eb University of Minnesota 
Vefets Syie) eg NS ee ger ee ee Institute for Juvenile Research, Chicago 
WWajulima ora arly Oe ae aes acess et erte staan gi ea ei ee Ae University of Buffalo 
anne lalivas peepee eats Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
I oewenaysh, wl Bee sa eaye ag rane ee ee ene a ern Rae Tulane University 
NB a Cegils) sree tee 2 I oa te eerste University of California Medical School 
We alkeng ark es ears sie ste Hygienic Laboratory, Washington, D. C. 
eM CU a TAs Ce iis oA coseccenscnctecs eveecoansarsersceoresnreenee Johns Hopkins University 
Mee CT LOK ete cscs sd cease nccticcnnnanscantenassv sn cengsantmosbvcecenneosents Columbia University 
Me emp ET WUO TT cO) Se Rely ec crtedsaieat-sancenct sactrnsnnstcaceceuasetencstre-so¥assene<ouen Harvard University 
TRAUB TOTS. 21a che dod ooc ach peter tes Sac gustendavaccetategentncclnsee seer University of Chicago 
Ds ITI AS etek oA yates aap wewenanc donates spmorcnctonestee~ Burroughs Wellcome and Co. 
TUR tas TRB pe acs op ot ios cosh yataetcaneveea ns cata: dee scaic Rockefeller Institute, N. Y. City 
LDCS v0) TCS Cs ere nals Ree ae 2) Scene Cotes 2 a eR New York City 
Ma A Ma ee cheat inna won snenntbnpteansrcttencsetenecneh—nenrnsnenennnnccentar Iowa State College 
Merci re Rel eos, ans ssns sean coger ee denacaanemnnamecnenn-nem= Montefiore Hospital, N. Y. City 
Tie Cag AUC Li once cen cn cease whnpmasoarannen<use- Cornell University Medical College 
MeN AY 8 CUO AU eee sac csoecnc nasepeennenpstomwinnche nee nceecnncnnconndens Creighton University 
Tue yatsON, SADE) Aas ci nk neces been claw cenadensnnnscensneenneosoenensnrace University of Illinois 
Vie oh ES Uf 2 | Dane aa erent be See Presbyterian Hospital, N. Y. City 
Meir eh ML rT OB asec Pace eacteanses Pennctbcnncannabtennneeeeeoneeenents University of Michigan 
Sey 1 POO big se aos cons k nce crnaneth nase nen cxcnnrarcvnnrcnnnnnnnshantnnce University of Colorado 


TIPE SES (US 2 EAS cen ne i baa ty duh hacer Eee Cornell University 
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Tite bi Ce Cis i sae ei cee eeepc eons eee Columbia University 
Tiderlat Seo Because eee tee ae an University of California 
Lallne,s Petrik: Bie hacia ee ee ca eee University of Chicago 
Talllie a Ralp li: Shp Eed eee tn ots eee ea University of Chicago 
Lind Roberto cone ee Peiping Union Medical College, China 
Tangy) Sehmorl Weg re Ree ees cee ae Peiping Union Medical College, China 
Tinton Richer din Westen eet cee College of Physicians and Surgeons 
Lapnian,: Charles. Blinyet en gt sis at hee University of California 
| Wi 35 (3k Goa Ot ss Sune nenee Sen nE an hep er uemmpomei er  i See 7 2) Bar Harbor, Maine 
Tara aS nih 3 0 i ee ee ce Peiping Union Medical College 
Taoekiac AG DiGi 2 eat are lek ae ee ee St. Luke’s Hospital, Chicago 
Loels; pliees Ae Pete Rhee: ce eh ee Washington University 
Loeb, Robert F........ BE Shen ee Presbyterian Hospital, N. Y. City 
LoeheleRobertiOm 2 eee eee Cornell University Med. College 
Teeliwine Wa eid otek | 8 a oa tie Ee eee University of lowa 
Thonn iy Seat ae cc hhc ceed iaal ed earache eee Leningrad, U. 8. S. R. 
hong? yPertimables #)-.i.-2 8 ee eee Johns Hopkins Hospital 
Ten Scop esi NV Tee ie Ea) ae NO aoe Johns Hopkins University 
TRO TRO ys ise Mis fest) ee es Jefferson Med. College 
Lorenz Walla pho.) t2 Joe See eer ee eee University of Wisconsin 
Lucas Vian Rs... 3 Sata eee University of California Med. School 
Teck wae Maar a yee ees Se eee Stanford University 
dines eis all dl yeirse 58 2h oe ae University of Pennsylvania 
Ickbard tye Ase B tse s2 ee cae University of Chicago 
Dendy Poet et oo ate i University of Texas 
une}: Maxe Be abo. hi eee Henry Phipps Institute, Philadelphia 
Tisha ar ah aia ss ane 2 8a eee epee Cornell University Medical College 
TayleS Whee ta Sk oa ee New York City 
Ninncne bos bed Vee: sete se ee SOME RC EM UR Mn Ie Ae ey fk. Ohio State University 
dbyneha Clara: dees ee Rockefeller Institute, N. Y. City 
BP {011 Ug cee G2: CON el en ENE URNS BED) nm University of Minnesota 
MeCana, WyibiamiyS cr i. i le es University of Rochester 

MeClendon Wirt rancis, .. i125. teietcts ate University of Minnesota 
MeClintook, -slobma Tepe ote oc. stds. coxa Yenc University of Iowa 
Me Colm Sithicg Vesteeie ken ee ot ee ee Johns Hopkins University 
Me Cordock wily Ate s Sore ore) eon oe Washington University 
MeCrudden; Braners pifactc. fgets. oo ee Boston, Mass. 
MeCutcheon) Marton ters 355.2, oo Sek aie University of Pennsylvania 
Mie Billo yh Wie eee ets eee oa San) ead University of Pittsburgh 
MoGimty, “Diamiel Aaa ecla cased cdot Oo. 1 cscs eka eee Emory University 
Mio Mrnbosa lie Tes hia eo cates Sem seetst ote Aon Lab Babies Hospital, N. Y. City 
Motyerjal. Akt eee Mary Imogene Bassett Hospital, Cooperstown 
Med cara sa Brena c= Aaa ncaa ers cirav seeds ee Loyola University 
Pckibber, |. Pau bsB ris nes os eee treet recs Lee, University of Southern California 
MeKinley, By Bicone School of Tropical Medicine, San Juan, Porto Rico 
MelLean, Mrankdin. C..c:s0 pales etnies eal University of Chicago 
MeMasters Philip: g sett peti aban Rockefeller Institute, N. Y. City 
MeMeansyrd xe W cis kL Re cccucsc ke te ee Pittsburgh Hospital 
MeQuartie, Irvine. 1... dc iseanmeeeetensiat casas. eae University of Minnesota 
Mas Dougal uD <P is2c1 coe eee oe Desert Laboratory, Tucson, Arizona 
MacDowell, H. Carlton....Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Maeliaya hire cei 2. 3) eee Seripps Metabolic Clinic, San Diego, Calif. 


Maslieod; Grace) i. 2.:\.-.i:,.agiie Warmer eae ce a aoe Columbia University 
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HES <7 (pe Nerd 2 | a Marischal College, Aberdeen, Scotland 
MMaeNealy Mans cai 5 es ee N. Y. Post-Graduate Medical School 
MacNider,)) Willism der Bu. .n.f 0.20 ce ceed University of North Carolina 
i EAL ea) ae ne a sa Ey Ye Peiping Union Medical College, China 
IEICE UNL Sia ele 7. ed We eee ee a ea et McGill University 
JURA AD ei ty sec 4 ea a Ree Le Johns Hopkins University 
Mackenzie, George M......... Mary Imogene Bassett Hosp., Cooperstown, N. Y. 
meg Tay. Nak OO Jc kale ce Rice Mayo Clinie 
Baia Libro Neh ce So ks kl ON tn Pm Michigan State College 
BRAY nea enn cee 0 2e SR ae cl ee A Sr Boston City Hospital 
Maltaner, Frank: (0.610002... N. Y. State Department of Health, Albany 
Mandel, Arthur Bui 2c... N. Y. University and Bellevue Medical College 
io nine: Rane ee i oily ie A ha ae Mayo Clinic 
Manin REM berth aie 80) United States Veterans’ Hospital, N. Y. City 
Manwailles teawA ther’ oie MSF in eet es University of Oregon 
Miamiyamini Wie Ehret sn os eed Stanford University Medical School 
ERED WE aN Adie ey i Ah die. Montefiore Hospital, N. Y. City 
Markowitz) aco Dei esdee coset Georgetown University Medical School 
Plage rOcin pane Kant oa: sk + atch ek pied oak SS St. Louis Children’s Hospital 
LAP Ress Phe 1s oibal Cot at 62 A apa tat a Seer tet ine Se ePN Sienna UAeteeey ES Gettysburg College 
MGR EN YL EF ee Frc re ae ne ee ee Johns Hopkins University 
SE ies LLU srs RY Ae eat Nah doesn Loasccicond crab erecascceesoinee University of California 
Nilay o'er pail eseal S pee ae os ER ee ae ee ace University of California 
UTE oR 9 oa Bn ale De le el sete a Oe RE eal Stanford University 
BVI (10 SPINE lt pceee eens meen alert es eee ee 2c Vanderbilt University 
Meister Act pitas Vieee anak ieee lt DON le Ie ee New York City 
Minas eerU CO lp erent cn hee met bers coe eee AE oe ne ENN New Orleans, La. 
Dire tl geet ernie yal eres tte ee eset cs ee esa hs Ble State University of Iowa 
IN etsy ae Vege Vice ati yet oh et eiae eeyes epl Sine Neo sek Ta ea Paris, France 
UVTI VOT SO 11 am Lemme cs eee Peis ot RP ce te eraner ee Ca) Pash Sateen Tulane University 
IM Gty rare dag ioe Atee ee rae ate ce yh ee. ty ow led lon MLE Te ee a7 Cornell University 
Miedesme Gira cee 29) Fen Neti A Nei kee ad University Hospital, Minneapolis 
AEE 21 RIE OE 1s STR eee teh DRAM SEA once Rie he eat Renee Mt. McGregor, N. Y. 
Niece kamaViall tems) tere. o ee Ba ON doh ope Se cee University of Wisconsin 
Mieo ran ce Timensom Sas aes! cietes hea oer ea eee Western Reserve University 
Mehriens,s Elen yin Grr: ee tees tence ete ce Stanford University Medical School 
IMicio see aise erence see Dairy Division Exp. Station, Beltsville, Md. 
IMC TE Teva LYE te ee erat aces oe aye 0 Ne ce Rs Be Presbyterian Hospital 
UV SSASS LYERGe ln USB oh es ORO ee Rv re AE Vanderbilt University 
EET TIL OS Bk UE DS Geo ROME Reo ee nb a A ee Iowa State College 
MMe li onieeiwall poise ce ase aen see Western Pennsylvania Hospital, Pittsburgh 
Monde lamWatavettep is eet. omen eneereere nena Fe 8 22 otto aces Yale University 
Jl em Fenny NYE bf, oe icles en ae Harvard Medical School 
Menmespiivan kehyas 2870) 3 obec aoe tense University of Oregon Medical School 
Memon ya Vianr cle lieeenes t= eee dn sce nce see ener ce ev aaeaca University of Pittsburgh 
POL Ger ola C We Wes ctces: fs.c-nc-ucrenncne-nsyavee University of California Medical School 
bh epg PS Cen as etc RAR ier cea ee eee: Aer oats fn, Vn eae ee Johns Hopkins University 
Dai eles, Sea cote cececed anne or eee Ewe ne a ee Johns Hopkins University 
at at TUE MA VE oy Seay tai ee Canara ES oO Stanford University Medical School 
PAID G81) ROS URS Rope lore 28 ea Stee ORME. 33S Pe See ce University of California 
iMitice neve lisa he on ieee eee eaten eae Date rate sie cc sateen =e Rockefeller Institute 
HEED VOD ETE ED 2 See ep atgtty aet FT Aone cee a Stanford University 
WW GUUROSTE » Ne: ERIE: ER or Rael hi ee ne EET Leipzig, Germany 


BY Waray tls Rad at UY eRe Bb oierg Baa Weerer he, At) ae oar University of Chicago 
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Millér,) He Gi, Jie eco eee Die hecck Ais, Soe eee ee Columbia University: 
pCR UTS cop 6 mas emcee tt kg, Oo ae MO BMC AEE Pen LORS University of lowa 
Millers (Jose ppl di02. Utes ie kana caeeaecee ae St. Luke’s Hospital, Chicago 
Millets: JohnAs Pseih eesti ee New York City 
Milley Clarence Acs. cca cn cda: eect cee eee Cincinnati General Hospital 
Minot, VCO r Oise sA sedi Bees scncccnccsacharnsotnee ee eee Boston City Hospital 
Mirsky, Alfred) Wak choy. ccseees 5 sete casck ae Sa eee Rockefeller Institute 
Mitehelli: Helen Sy 0 cc hl ca pacer Battle Creek Sanitarium 
AMET SoH Oi VV re Elias eek oe 8 Lac eee Syracuse University 
Mioisesagl, | Se Peete oc 26. 0). cant cenenenttsaonenads ates eae ce eee peeree acne Bangor, Maine 
Moore iA Rie): Me. phen tet 5h eects SE eee eee University of Oregon 
Mootte,.' Gar l WR irate cahs Aacnot al es ek eee rete University of Chicago 
Moore, SM gel ot. 2 oc ence sseas a e University of Oregon 
Morgane tt Hatiaaal.! uses aati California Institute of Technology 
More wlis iS ercii sites cccrecee cere University of Nebraska College of Medicine 
Miorsey) Aurt nurs. osetia eee eee New Haven Hospital 
Mortons, Solan icsntes cess ieee eet University of Rochester School of Medicine 
Mosenthal He} Oc os AR pee N. Y. Post-Graduate Medical School 
Muckentuss Rs Site Bee. Washington University School of Medicine 
Mirela th trast hate tek a ea ee oe University of Pennsylvania 
Mird casi Os Sites ppt BE ee ee University of California 
MuehiibersertiCsy Wists oo) ee Northwestern University 
Meili p HOE, 6 baeinsac tht Ste csce co khcancs dee ee Hamburg, Germany 
Mirellersp Sic owed? ccs) 0 45 eo os St a eee ee Harvard University 
Molinos (iM sGs tue ic 3 ct lee ee Columbia University 
MullerseG mileset clio oe ee ee enn Boston City Hospital 
Miri bern aber micas ooo. choc seated nan datas kde cocnaanderaee ec eee eee University of Texas 
Married OHmaR athe eo id sae ee University of Rochester 
BUNT G Gb eA Ia) 5) ee ee ee ee eee ROP EEN cs cee! so Rockefeller Institute 
Wb crap iy sei ena A oo een o..-htsecececand -ceenioes See eA eee Boston, Mass. 
Mitra y WER OM uhs Peace o ooo So od. dacoca cc catnc oe See eee Harvard University 
MiunirarysreDhomias elit ress ie cok 10-9 0 1 ER oe te Rutgers College 
itis SU irunwi tenet tees ek hoa ee ene Tulane University 
Myers. ClhestertN atten 22 so ok ee cee Columbia University 
Myers; Elaroldyb arc caes ee tooo. en ee University of Oregon 
Miyerss: Vie ton tG: ere Soe tl ee Western Reserve University 
Cod) CaS vena ko) 4, SSR Peiping Union Medical College, China 
Nel eo, SUG Pig atae ects ssp ceeccs aucckhc-t acy Leo eee University of Michigan 
Nelson} ’ MarbhagiVirr asc... ccc 8 0, c8 csi eee Washington University 
Nelson, (Phurlowo@isi. mee tees iat at Ute ee Rutgers College 
Nelsons: Vietors Bice ity cete oe eo coos ee Iowa State College 
Newwirth, sede Rami e ieee noe 2 acon cso een eee New York University 
Newburgh, loowig Hate weote tot bes ee ae aae University of Michigan 
NY, Tsang = TAL ae eran ee ines ceh tates Peiping Union Medical College, China 
Niee A -Tis (Bhai! don on en Bia et Sole bn 2 ee Ohio State University 
Nicbolas,” Sri Genc is eee erect eee ieee ee Yale University 
IN Gbiols, CBE. 55. 0ee ata take eae Aco cee University of Wisconsin 
Nielsen, ‘Cah Oo... SNe etrgetan cout ont ste Abbott Laboratories, Chicago 
Niles, Walters Tat. veg ee sere ees, Loe Cornell University Medical College 
Noble,:G. Kingsley, \Jric enna sees American Museum of Natural History 
Nobles iWit Gir) 20s ae eres teen Metropolitan Life Insurance Co. 
Norriss (Chiles |. 7s SN Nie cig cer i <ce e e New York City 


Northrop}idobneH #0. soa Rockefeller Institute, Princeton, N. J. 
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INDRUOU eR ye WUE ee co se Herman Kiefer Hospital, Detroit 
UNiowsyre rederiek Gi. euaie 001 Se EN SSM ee aes University of Michigan 
IN y Ome tba sNckeeces eee aaa cert 28 WORE SUR Se Boston City Hospital 
DERIVE RY 1a) PR oe ae a RR, oy 5ST Ra St. Stephen’s College 
ROGE STO TM Ve WA acs. ces hc ROPE eek nee ee Tulane University 
erielmtiokcysen aims 3... ily nea eRe eee 01a McGill University 
ORGG yr enna weno ul el a ee University of California 
LEY ag See) ok CG) a ae Rockefeller Institute, N. Y. City 
COU OE, AICS 717s 2g 2 ede Sanna URIS ma PEC Long Island College, Brooklyn 
CONES eV G TWAS Bg 07) 8 Se a a Presbyterian Hospital, N. Y. City 
ETE EES 1 2 | A a a TR ee Sb Washington University 
Dinicted eo. vio hrs An ee ye ee University of California 
OP OIGT CRON GTLET 150 Riles ean ee Stanford University Medical College 
BY oC MS ea Fees oly | Wace Se ED Henry Phipps Institute, Philadelphia 
COE) SUT SVT 07 SS Hea a an ee te Columbia University 
CrACRUPSTD, RBPE ay 7298 0 net Ae A ieee mE Bes PPR AT un a Pee UD Columbia University 
OSe OO dm une emeret: rohan te hese University of Oregon Medical School 
USL VG sg GAS Dee ee Ge Aer ne ee University of Illinois Medical College 
ROSie CUO Vira) SV es lhe sheet ec sect ace since tsa sane weeds Rockefeller Institute 
UEP Sod gag 0M, ch oles Fakir hes Le 6 ems ne ne Mt. Sinai Hospital, N. Y. City 
Otiowe tl 4 132k New York University and Bellevue Medical College 
‘Pack, ESA Sy ota. 8 AA Aa ik Oa ee Fo Memorial Hospital, N. Y. City 
eackardsnGharles) ees ct dn. ee tie sai ne ete onan eens Columbia University 
eNO CLT W ATIC) Hy Gare tress is sig da ehs A) Se cg Bt ul acded tytn ges Munich, Germany 
Heat kom Oil Dyin Pee een rt een e ee emaede rien Peiping Union Medical College, China 
Reamer Leroy ose cine 2 ie rT Te ee University of Minnesota 
EEN ONS ADM gl Bad: oats aes BOE OME Re BMRA ABBE etd Ean University of Chicago 
| SY chet gd Rina GE eee i RS ao Presbyterian Hospital, N. Y. City 
Papanicolaou, George N........-..-.----c-eceeeeeeee= Cornell University Medical College 
a enibeimme ns. Atw VL ets eye eT LNe RAE eee ty laecs Columbia University 
TRE Fe | LDA Yale tt Uk ks a ale i ap a ee a Rodgers Forge, Maryland 
IPepdics \AVGUDR WEN Tie 1s U1 ooo ae tee Department of Health, New York City 
[Prana igeie, (6 vonage le lh 5 ceed nt Diora Aine Ot nan ne eRe Harvard University 
JRApr ares WIM Be cace aee aia Ai Re ee ana ee Columbia University 
RG ANCE PLOWS Gscemtere he Paes By Uae Ba roee eae eves ca dcnesntoceoet Rockefeller Institute 
TPrerare Gain yaontey oO le eae eee ea ea ee Phot manana Mee eae ae Johns Hopkins University 
Pepase mars b all C 25 i .acoacnscnnaaneceseseQesenace> N. Y. Post-Graduate Medical School 
LETS Cane Dc NA Fass pe ee N. Y. University and Bellevue Medical College 
IProrenlayercqeovoky Rae 0] dea aan ney paee eee eee ee Presbyterian Hospital, Philadelphia 
| PSST cTM GONG es 8 Reet 2 Sas Alb ES ko: bs ~ 258-2 eo ER McGill University 
CAC TO) IARI OPI Y 2, ata ns-o-nseascacantcnesasttsuqecantarocnnnnse University of Pennsylvania 
Heese tcl ee) OC PER NE os ican nd nainecslnabenaneeaeesssoezpe Montefiore Hospital, N. Y. City 
He any eo PMN AAA TNR oe coon onan oceriageten ree a teen noes dan ak cimonnyoosedaraeegeed Duke University 
PREM AA ELON AEM ese Fee on ax enp sete oneness eacemsenseee Mercy Hospital, Pittsburgh 
Mesa ECIA He Qss ARUNTLOLN leek cl or cncntentnsbadacars ot dun) vem onnecenenUennevecnstame-rgens Cleveland, Ohio 
Bere) OTe crete eee can acne tect eaters eoecat caanenasdeae<hrataneoseanandens Yale University 
TPL iy NUL LS er ae po a University of Minnesota 
IRE Lerser wm Wish Lessee eet onc csearecere teat University of Illinois Medical College 
Pry Pea eh ee, \ WUBI ETS Te IRS SES Fe Cy ban eo University of Wisconsin 
TEU ONE aN aaa Sen nw ies eaone ee er Trudeau Foundation, Saranac Lake, N. Y. 
UST Ner aha IN Es a aa ey Johns Hopkins University 


JAG ee, TB, ALE RS TR aE er hss ae ne University of Chicago 
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Pierce, George ss 522g Risks ti nes eae eg ee Stanford University 
Pinkerton, | El emary 92h cccee teeta pence ne nen ae Harvard Medical School 
immer Maxi etre ee te eae eee re oes saree Desert Sanitarium, Tucson, Arizona 
Plant, (Qe Hessen 220 aa eaters Oe toate ene ee anes eee University of Iowa 
LAL yicveal Vi aes OME aici es es ka eMnee nek |) oN University of Iowa 
PUG hz tole BY ys eer ee eee ee oh re eee Pasteur Institute, Paris 
Potilamam, | Act gratis ise. os onsen casi sds wp neces St. Louis University 
Pollo ck Mis He os ise 0 becca ccc coe Northwestern University 
Ponder, Erie fat: Aice te. soc. .e cco stiscsd csc. ncee ee eeg core ser epee New York University 
Powerss:GrOviereh sitets ) sect 55 coe oo san ee eee a a Yale University 
Prati, Rred.{ Pie ee: 22oet ole aie Oe Ste ree ee ee Boston University 
Pratt. Josephnhlese a 1h ee Ul ye eect eee Harvard University 
Prewitt, Provigo. 122-2 ore N. Y. University and Bellevue Medical College 
Pribraiy deme gt: 2.2.5 eee eet eee eee eae Chicago, Illinois 
Prince, tA iid. Gc seers Se ae Seer nae eek ree Hartford Hospital, Conn. 
Proese ISI MM! ounsscdsc eves ric vhs ence vse aeepeereceeten es eee Agnew State Hospital, Calif. 
Peer eG GW sen: sence -ccce neta pec ees ecu ate cn ocean eon cee ae a Hamden, Conn. 
UC eA ann diced. at ee eee ee Philadelphia General Hospital 
Ourcleyar sick pees. spe et peer ee Western Reserve Medical School 
SURE pay Oia | O see ma oeer Rate fete ol Dexe! etnias nee Sooper Ey | Peter Bent Brigham Hospital 
Quinn: Hidmond J) 0 hme i ee ee a ee eee Columbia University 
Rasins, damkraus: coset ye ewe ce nee eee University of Chicago 


Raiziss, George W. 
Research Institute of Cutaneous Medicine, Philadelphia 


Hakestraw,s Norris’ Wi..21, 2c ete te eee Brown University 
Malliilaines Fiesta does N. Y. University and Bellevue Medical College 
POAGO Ly MO aV Ne bis aes n 5. -Sucneaecccoaae a schon tee: aa peek tees Northwestern University 
Rap POT ima avidy. cr. eee tol a eeaeae Tufts College Medical School 
LVN Etat ss cs Ml PRBS a eRe RNG eg AUN NE Mi les ole WKS University of Minnesota 
Ratner,: bret at tsi ae a es N. Y. University and Bellevue Medical College 
fT LU Baal Shy 2c BWR 9 eRe Ree ee te RMA ead Noe Western Reserve University 
Hes yo wher anh, er in a Ree nae South Side Hospital, Pittsburgh 
Byes Riel Sond OES i bdo) Alien ve et ed aL Peiping Union Medical College, China 
Rend y Wich arion ska cs os ioe ce Stanford University Medical School 
Weeds Oars Lee ars 8s at tertee cans acca dennacivs University of Hlinois Medical School 
Roarehert,) hy ace ame ete teal sa tess, sete Ee ee ge Stanford University 
Reimann, ELobar ica ges ees AS ee eee ee University of Minnesota 
Reiman, Sankey sh meee rast ecesi Als ds eee University of Pennsylvania 
detiger,) TiN aaa ae ce A, Janik tere Yale University 
Reynolds, Chapman................-------..-+- Marquette University School of Medicine 
Beozani ofl, Path 5 a0 eeet ce stone co-y 2) <-tcda. econ eee Cornell University 
Bvhoads, \Comebiuen Pas sere ae tesa csectascle fu. cemteutteu meee eee Rockefeller Institute 
Rhodenburpy George cic ce ec canto ee eee Lenox Hill Hospital 
Rachanida: Al Cred: No armen de ae ees Ay eee ee University of Pennsylvania 
Richardson; Henry. Bic: ke anton cee Cornell University Medical College 
Foichey,,\ De Wayne: Gras acura temistafi cease aki tere University of Pittsburgh 
Raghoer, * Maurice i. .20 Ur caceeaategeer taechecs‘hisst codes sania hase Columbia University 
Riddle, Osear................. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. © 
Ringer, EN es aor nots ee Montefiore Hospital, N. Y. City 
Ringer, | Michuel.:.00..ueen geet get atie Secucs Montefiore Hospital, N. Y. City 
Rivers, «Thomas IM. oDooes bet ny, eevee OR a ces Daa Rockefeller Institute 


Fuizmolo, AGHHO® a0 15 an aoe tteravn aire Se eae ene ee ee Newark, N. J. 
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LAS Es 8 ROVE 1 1) TE EM University of Minnesota 
BUOY DOU, MOS WANN ota poy tk tece ce Ott cte centcenreects cede University of Chicago 
Robinson, Charles 8... Michigan Agricultural Station, Lansing 
UO UTES OU LO bE lore No a chabert teat Antitoxin Laboratory, Boston 
Romo, Gy Camby 225) eee EA, Cornell University Medical College 
Heck wooe ler on Wie .t. Te  eeel ek, University of Iowa 
UOC Pon POMBE CN betes Se oo cece cast AU as snes beeeae Rk Bes closest comb te Baylor University 
LOSE) 1S Ae | Ai eo NN se Western Reserve University 
PUOSOY SA TUG IU ees escseccl sbsalescsscts Prudential Life Insurance Co., Newark, N. J. 
8 Ue! Sd) LOW seat 2 Ae aa eM RA oe Columbia University 
CTs RS TIEN 5) 6 Oe SEE Sa ale a earl ce PA eee ee University of Ilinois 
BC OSDIG IE ML pre Arce call 9 cfc. So seca ot a hodapcassaucn sCeapec toys Harvard Medical School 
VOSS EO ig ah Oe aaa Re eR ch es ea OR SPOS ePIC Mayo Foundation 
Ose mchial lm Weirton eee eee ee a United Israel-Zion Hospital, Brooklyn 
OSE CRON pen rarer ect a gerd hia Mica dacats Department of Health, N. Y. City 
ROD CRCOr Oem cee ne.. Sek ee hae seine oan meee George Washington University 
(PSU US TUE GE gl) Us Cc ieee Lae e  ea eae e e Mt. Sinai Hospital, N. Y. City 
OU) Stoll Sf oR TC Sis ese RO aie nee oe a OD aR TN Rockefeller Institute 
DRO iShares ered ete eee renee ea Boston University 
BUUSEON a Weg a i Seco. aes ic ceca chases N. J. Agricultural Experiment Station 
BIDE ee LONCTACO” Wek ne Sis M ok Ph aie at caee as ans tats atime ereak eee ae Rockefeller Institute 
Salant, William.......... Biological Laboratory, Cold Spring Harbor, N. Y. 
ee le ket led Ne IS Ae eid ny Sie er ee ee i aE University of California 
Salwesensmiera rol dil tru tea concn eeian yal ae Rikshospitalet, Oslo, Norway 
Pea NU, NY Ls ale eh Ae eI Ba Be Be ees ial oA Montefiore Hospital 
RSNA OR HOLS QaNe IB besos sa cals eee aS cE at ae eahtn ne sn a arse ea Mayo Clinic 
SOCPNIS LCRA Ics 3s B ere er laee: Racer as ema Santa Barbara Cottage Hospital 
SITE EG) (I ee a Ne a a University of Chicago 
BSC HINC RSL ee re ee nace ng steer raceme cela ee Mount Sinai Hospital, N. Y. City 
oP E VEGETA ge) US [ens UE ee iets et rs a ce a ae a Harvard University 
POU ORGs LISCAL: UM cr beedecteaaeporttec cass sesaentaacosan Cornell University Medical College 
SYCUUITTIZA Not NAY otc ees co Ma Sac ma ae Se ees SE University of Chicago 
rea .6 WB OD eb | pee eM ap ead ei) 8 EE ne University of Pennsylvania 
“SST GR CHW Ey bs dole ee lame ae ie Ake oe ees mie University of California 
SPONTA ily, MIR Cre hol 0 ade Mone sea nailer ae 5 ee Sle Washington University 
CUETO Mi OX BA. ese cites ee raster ete stent tap sscancaecedonages Wesleyan University 
POS wif aety SLD a hs la ae Rie RS sik Ae Rae Stanford University 
COU INAS COR eb UR eR aes St. Francis Hospital, Evanston, Illinois 
SLE LNE A Nek 1 Ine kone ea ae i EL De ee University of Maryland 
Schwartz, Erich W..............----------- Medical Department, University of Georgia 
oC OU bay LID WA act a 2 le led te Le 4 A a A Columbia University 
EN ti a oh ok a A ci Sere a University of Minnesota 
nS ey EO Bil AN Resets Be ee entero ue eee College of the City of New York 
LBS ey thay ee ll Reads pce ae a ee Western Reserve University 
SEU ec LN fail S a na aie are Sane ere University of Rochester 
SISTERS ye Isle cise. are increta ae ORE ee he eee ee IE eo ,---University of Oregon 
Seegal, eabrices (pee te rene eee eee College of Physicians and Surgeons 
ref eLeti Oo m4 (0) (6 Ud 2 Peele eee a N. Y. University, and Bellevue Medical College 
yay a Chg Fee El SUL Yea alias eh See A oh er ea University of Wisconsin 
Sic epg TER CU al Dil: i eine Radinn a or 8 cae a a ie Washington University 
Sua behets te KB ean I ca hbase oh et St. Louis University 
rool WS is lads WA ee la neh SoC: of. ek eae mes University of Minnesota 


Bee tee EV OPN AIT foo on ctor vacateeatencarunsccoenceatennsene Roosevelt Hospital, N. Y. City 
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red TW Cl eg SV pet ate oo on Mer ein eres remem pran me eee eh oP ct Cornell University 
Shear, 1M Dict 2h ec ope cewce coats ete nartecas teeg onrey ct oc: eapmeenncatereery Harvard Medical School 
Sheard,’ Charles, Sic. ccxs tess tee ye cade ie tab en bavencnes opact stores Peer nee eee eee Mayo Clinic 
Shellie} Dip iss eee ewe eee Johns Hopkins Hospital 
Sherman, Tyga oe ate ear aa ee ete ees Columbia University 
Sherniiain,: Ear tle ye spe sate eicoesacnes vnanese targets Bureau of Science, Manila, P. I. 
SMaeraniann, oD Ake se Wee ce shapes ccte ade ccnscccanceaangeranseenern eee eeges Cornell University 
Sherwin: Carl ge eee ttasas tes ncsace san cea-apeet ean steepree eae Fordham University 
Sheyky, shire fy woe ah, ee te cee Bolinas, California 
Shibley, \Geralds Se. yes -onc co eant cc cage ne ene ee Lakeside Hospital, Cleveland 
ShipleiwGeorze whee ti2 5.00 cea tcc. tee ene University of Detroit 
Shohill (Ales Ds eee hk. 1 ce hoc ea ereaaree eee ee Western Reserve University 
Shoperka Wa eS ea Meee ee Rockefeller Institute, Princeton, N. J. 
Shwart#inen: Grecory.i f.4.8. cet cee epee ee Mt. Sinai Hospital 
Sia; Richard HYP. 2u. sin. ie ee eens Peiping Union Medical College 
Bile rye) WH ee soho eke bec Meant cee earnest eae Balboa Heights, Canal Zone 
Simon siseag eee sine eer Pee ee ee eee eee eae Northwestern University 
SETAE MACS Bog. OP [tk ARMM PR Ren aS BE Prarie Mee R atop eS ey e's Columbia University 
SOMO KAMARA LATS be co) 1.0 e o eeee eee eee en eras ee ne ee Rockefeller Foundation 
apromaibin, UAr totes oh ae oR Soe hess a eee Yale University 
Soni bly Card Eben sash caccenn nescebou eames hate aeeeaceoeaee ae teaver Cornell Medical College 
Smithy Clarences..:. te) 2 eerste eee oe re ee eee ee Bergenfield, New Jersey 
Sunathy, - Eorpig A 2,5 nccha.cshanlop scp d aaa aan dee rece Chicago, Illinois 
SmutiesHire cs Mise oot on ob eed Ca oe ae gee eee University of Iowa 
Sunithic Gear ee wl sc: o.c, foot depots coat eee eee ee Yale University 
Smithy LLomerg Ween eee N. Y. University and Bellevue Med. College 
NO VTUNH Ove 1 BIE eG Uae ieee epee eee preset ence er tee ce ane Boston, Mass. 
OPILIK SON fag 10 NY CALL pen aMCan ee MR PENS neanC mere gS UE CS Columbia University 
peuealinpley sf Miayexa) eVeN Ne aa eee eee Cee tal Rockefeller Institute, Princeton, N. J. 
Smyly, H. Joselyn........ Ne Setay soe. cer Shantung Christian University, China 
oy te) A WS. Been oe ae em RMT WENA TEMES 6 OS kc eS Mayo Clinic 
Suvdety. Wraniies Nise. ag eee ee Johns Hopkins University 
DOUMMAIUA e LOL a ly ete co, lho, fa oc cu aaece ce Western Reserve University 
POMOR Vi uleinel us te hase eee oo ee tee Jewish Hospital, St. Louis, Mo. 
pega gels Bel S Larne) tee Oe Be ea ane mn eee PCRs SNC University of Michigan 
DIDOU I Vor VW AEVCD ite eeeae ce lalc ocr: tsk ba eee Babies Hospital, N. Y. City 
SpOnsler, On Urge h caer csc. chet University of California, Los Angeles 
ROLE PGE MA SRK Chee hd Soke Os ean anteater RN TEA 8) University of Minnesota 
Starks,” Olivo: Nese eeet ets oo cee Cornell University 
Dberk A Mary i oa siete ess N. Y. Homeopathic Medical College, N. Y. City 
DEarkoy,. Ft. ae sek aoe eee Agricultural Exp. Station, New Brunswick, N. J. 
Steinberg, Bern ian. 2 ie acer pec tet aleet ascites Toledo Hospital, Toledo, Ohio 
Blenstvor, Wallen meee datha.ns:2.1 scabs oe eee University of Minnesota 
quote vents, EL. \Crot o2 ee ameter peste cfc ces ese ee Western Reserve University 
Stewart, Harold J..-..-n-.-c-scon-snnseeo--- wooennanehiisvcs ects aod eee Rockefeller Institute 
JLT Ae gs rach ARE Sect e ceale |: st 8 ay eee Se Harvard University 
OULU Winger U2 eee cal ecteen nar oncdtoa eee University of Chicago 
peLaN Lia Yan DS teg Ful, 6 Peers ct een Presbyterian Hospital, N. Y. City 
Diliman, -Raloh. Gi. ec paeeeenec ecg. > ee yaa eee Cornell University 
Stockard, Charles R.........-..-s-csscscssscconsesesses Cornell University Medical College 
Stone, Calvin a saa incest eae seeks cnn sees ee Stanford University 
Btone,. LOU. a p.ncetiueute eee teen ask oa Yale University 
Siookey, duyinan B..,) era ee ee University of Southern California 


soocoosoonennanssssssessanesteeceneeencnnaccassaeceeeesennunessseets Stanford University 
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PLE IED AEE IR URI aa dic ie nae a University of Wisconsin 
pSUeleT icy TES ECITE tm USA A Se Oe RT DRO 2 Harvard University 
EPOM Beye SOLOMON ect neyo) ve Northwestern University 
RUE el eh Ct EL Meas 2 Re eT ee oa Psychiatrie Institute, N. Y. City 
Stunkard, Horace W..:..............:.-.-.- RL Ta et ere New York University 
Seungis Ge Cee ee Simpson Memorial Institute, Ann Arbor, Mich. 
Suedira Wanematew 0 ee Memorial Hospital, N. Y. City 
Ra etatsenl pe rome oS ok con RS aie a Georgetown University 
RS itins Vrer dG eee ica a University of Wisconsin 
UNECE CIEV ECL BRC Oat MR ei Meme 92-2 Naas Da Ree Cornell University 
Roh C AGE OCS) TTI Vo 2 B25 le RS ed University of California 
Sure, Barnett, ....... Re Si Sa eed ig ae ep BEN oN na, University of Arkansas 
RL ROUMR VU Wier tttcte kt RN ee eee University of Chicago 
RVR UOL IEG BCT aa OS Ae Ea a Re OO AO University of Chicago 
PWweettoordwine oo) ih Cornell University Medical College 
Ieei mn raniets Unises STi) Meek eT nan ee Duke University 
SICH is DV IR Be ae ta Rockefeller Institute, New York City 
RS RUGIETLC MUNA AAVN cick nore oe 2S hes 3 Oh ae Oe eed Princeton University 
Symmers, Douglas...................- N. Y. University and Bellevue Medical College 
‘[ainter, NPA EVOG le fed heey nen cnn tenon csee niet cece Stanford University 
ARN XN d RV A | BIN a gil a Ne ere pee pee ee Harvard University 
POMC C PL TOC ren te ets te Lae en eee ae University of Illinois 
CHE i NS sa gs Ee ea ee ip eee ne University of Cincinnati 
TU ROIS Ah ee 1d 2 Nae SR ene Spencer ae alse Siem University of Wisconsin 
Bay OTe AML este N eter Sree ek Nn SN aE a ee University of Chicago 
MenssroecksuG ap leaisrs 2 8. 2) 25 eee Rockefeller Foundation, Princeton, N. J. 
BI rainy pe ope Ur ventas = Wve Loe etree Ser oes See eee ey ee eee eee Rochester, Minn. 
Mwai anaes waVN alter eee sete side Pee eet Michael Reese Hospital, Chicago 
vac otery MO DELE 2 WV o.cy ee tect seo ntenengeterncnece Massachusetts Agricultural College 
CE VERS 0 V0) clyde Rppetieee aie ine ae neem cere neo University of Southern California 
ATI @ ONES HEAL IT oa WV pone ce oe cern coe seca) UNL AL tev ee cece, Columbia University 
NV Oay OVERS) WS caer BEE ay i oe As ae PE eo Jefferson Medical College 
Mhomas Karla eres on Physiologisch-Chemisches Institut, Leipzig, Germany 
CUI SEAD SS UES oko i ele etneee ape me reg Clifton Springs Sanitarium, N. Y. 
MERI SORA Mice oes an sacttans New York Homeopathic Medical School 
how tliternns (Cees ec ere ee Cornell University Medical College 
Disc eal embare Level kay By eee ntee we ee cee ese eeese cree e sinccncescceeaa University of Toronto 
BTL hi ea CL yet cote eee eee ar ete eR EEE cae aca scsenconvonas New York City 
DEAS SHC LSS STS Se tl eR Rp Re Bn Budapest, Hungary 
ENGI) MMR ALE Late hd fee teen ree RR eee incon saysign ane rstonaencee Stanford University 
BT OTy OG otcdiae heat ones dod ces ah ceca ataet aera st tase Cornell University Medical College 
Dire sititirn te We ated pL viene ecto one cee seetncca acer re tte serra tceseetsazan= Western Reserve University 
NSS EEO, SEY ol. ote Saale eater Pee Ee 2 ore er eee University of California 
(ing Shy LDA 102s Je Oe Spee bis ea ee eA Aer eae ea State University of Iowa 
11 STOVE OG Pa ell DR [bo Re ene Epidemic Prevention Bureau, Peiping, China 
Coa LPAI hg Resa Maes aoe aie pepe see eo Peiping Union Medical College 
Tunnicliff, Ruth....John McCormick Institute for Infectious Diseases, Chicago 
STOR, NMS SUR sateen denne ge SRP aSE ot ci ce ome eer State University of lowa 
BA ce Wee Bei ete aa stn asgs nace Saeerien ice annnanenineseceneennas Harvard University 
OUP VES TR UTES ic FS egit oeeephyernea ce noc oe ee University of Maryland 


AD ree tee TNMs TICS LN eee Ee seen acnnanenvasantetccanateaan Yale University 
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Vu PONS al ORG! Boilie ners Deere. oe Seoeer aot Peiping Union Medical College 

War Dyke, FB cae is bance penta terereeet ea University of Chicago 
Van Slyke, Donald Don.ic.......2..-cc..-s-seccoececsoenonencnscnnuennnenennses Rockefeller Institute 
Vanghy, Ty Waylamdy. ccc etc g cist nceoseceeene Scripps Institution, California 
Wie ROT'Vs (EMG (Bo actpee cette ev econ ees ncuce Connecticut Agricultural Exp. Station 
Visscher, “Matuacey B fe eee mete see arenc sees University of Illinois Medical School 
Vowel Karl Min. 2. sae Genet tc ee St. Luke’s Hospital, New York City 
Von. Meysenbug, Liad otic: ..0 sce ik coche aan ee eececa Tulane University 
Won Oe thin gens ior Hever cose es ct aa ca waves eenerone eens Western Reserve University 
Wadsworth, DMSTS) Cig) as ean eee) oes N. Y. State Department of Health 

Waksinaie Ss A752 echo N. J. State Agr. Experiment Station 
Wallace, George B............-.....-- N. Y. University and Bellevue Medical College 
"Wrallin, -lvati SBi e028 Sama cto conssctss exeapeat oer sacra arene University of Colorado 
Wialton: ols Cee ies: cd eee careers Edgewood Arsenal, Edgewood, Md. 
Wrangest Chia ¢@heve tac 3 er or nee ees boas eee ee Children’s Hospital, Cincinnati 
Wiancensteen,.: Owen cei 8 poem eee eee een eee University of Minnesota 
Warren, -SUICIGS cs. retvcnctateeades- sencccaecs era eet eee Harvard Medical School 
Wiasteneys, El cecvz.c2. coco test tsesaeee ct pie ae The sre ee University of Toronto 
AWW eet ics VER BIAS a eee c se tes ete seen eae University of Western Ontario, Canada 
Wie anny ee) pe Dee te cco cn ee Sa he Lakeside Hospital, Cleveland, Ohio 
Wiebster etl csr ee ert ees Presbyterian Hospital, New York City 
Websters Leslie: T. ..2..2) cree. ote then eee ameter ee mene re Rockefeller Institute 
Wieiskotten, ¢ Herman. (Ge. ts: ec0 peek eee Syracuse University 
Whois GBA rlOS ON, 6c5. de. -sod' oo al Sis rear rete Ceara eee Washington University 
Wiens, peat y cers le Levee etna Oe eee ea Columbia University 
WiG1SSs OS OI AL crc 8 2. Gesu Ge we site eee one ewe regener Boston City Hospital 
WGlKOr renee ckhinc, Sop50.0. can ene et University of Illinois Medical College 
Wiellerss Carla Vice ee. - 02a Ses pe ss 1 Ub) tek aa ney ne University of Michigan 
Wenner, William F.2 24 tactics: Washington University Medical School 
Wrerkigan, sObesteny lc... c5.ctlette et acd! cp nog ete eee Towa State College 
Wests i Warde ct 002 ik 62 Voi. | os bene ect Washington University 
NVOSt A: EO HOOl ous os. get Se es. oko care ae Presbyterian Hospital, N. Y. City 
Wreeymiouiti ss Brailes Wis tira Sts oad ES oe ne ere ere a Stanford University 
W Teele. VV reer Iy Ss INE ise occ oo sects ea as oes ean ee nee Bussey Institute 
Whipple; Georcede eet soe 2s 28 ee eee University of Rochester 
White, G. Benjaman:.-2....20.t:..3.-.: Antitoxin and Vaccine Laboratory, Boston 
Wiltites Ei. alr vere ein etn et 2 sa RU eee ee Washington University 
W tbley Gliese U2 agit hoa tenn ae ieee University of Nebraska 
Wisrers \Carlediewasi tection eee Western Reserve University 
‘Walhetin jC ros gs seem eS, Ste Creighton University Medical School 
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Abnormalities, and radiation, 1059. 
Acid-base paths, 781. 
Acidosis and glucose tolerance, 165. 
Adhesions, and papain preparations, 922. 
Adrenal cortex, and endocrine secretions, 41. 
extract, blood-chemical test, 723 
extract, preparation, 721. 
thymic weight, resistence to bacterial 
intoxication, 428, 
extracts, flocculation of lecithin by, 1006. 
transplant into ovary, 600. 
hormone, respiratory metabolism, 1021. 
hormone, respiratory metabolism in 
adrenalectomy, 728 
hormone of, 510. 
Adrenn ccromy and bacterial intoxication, 
4 


decerebration, and blood pressures, 288. 
cortin, resistance to cold, 702. 
Adrenalin, electrochemical behavior and 
electromigration of, 80. 
on fibrinogen, 671. 
Adrenals, and estrin injections, 122. 
Adsorption by activated charcoal, 564. 
Age, parathormone on bones, 174. 
urea excretion, 43. 
Agglutination, irradiation on, 811. 
sperm, by bacteria, 827. 
stimulation of B. typhosus, 784. 
Agglutinins, and antigens, 1084. 
Alcohol, butyl and ethyl, in fermentation 
mixtures, 241. 
from urine in pregnancy, 216. 
Alkaloid, from Gelsemium, 779. 
Allantoin in urine, 486. 
Allergy, Ca on histamine wheals, 468. 
central nervous system, 795. 
first manifestation of, 75. 
immunity in coccidial infections, 831. 
Monilia polysaccharide, 320. . 
passive local sensitization in atopic in- 
dividuals, 425. 
poliomyelitis virus, 1072. 
S. aureus filtrate and vaccine, 584. 
skin reactions in anaphylactic and tu- 
berculin type, 72 
water soluble specific substance from 
fungi, 223. 
Anayodin, action of, 1029. 
Amebacide, iodochloroxyquinoline as, 838, 
Amino acids and growth, 731. 
and Mn, 830. 
diffusion through membranes, 829. 
from glycogen, 894. 
upon creatine in muscle, 454. 
Amyloidosis, 172. 
Amytal on smooth muscle, 656. 
sodium, psychopathological effect, 864. 
transmission through placenta, 490. 
Anaerobic recovery in muscle contraction, 
415. 


toxins, pneumococcus infection, 457. 
Anemia, and Cu, Fe on hemoglobin, 1076. 
nutritional, 431. 
nutritional, heart size, 479. 
pernicious, and liver, 2, 512. 
pernicious, stomach preparations, 371. 
pernicious, ventriculin, 385 
Anesthesia, CO on ethylene and nitrous 
oxide, 924. 


ether, and COs, 623, 
spinal, 344, 
properties of ethers, 151. 
Anorexia, and lack of Vitamin B, 750. 
Antibodies from antisera, absorption of, 492. 
Be a miprorcue, concentration from sera, 


Pneumococcus, from plasma, 278. 
pneumococcus serum, 279. 
response to typhoid vaccine, 1085. 
Antiseptics, toxicity on bacteria and tis- 
sues, 1060. 
Antisera, pneumococcus “exudate’’, 280. 
Antitoxin, diphtheria, titration of, 226. 
Aortic insufficiency, experimental, 85, 
er ey comme ore oe cat ally produced bigem- 
inal, 
Arsenic excretion, urinary, after acetar- 
sone, 145. 
Arthritis, agglutination reactions with he- 
molytic streptococci, 421. 
bacteriological investigations, 419. 
Atelectasis, subtotal, and pneumectomy, 957. 
eee changes in chronic experimen- 
tal, 959. 
Auriculer and ventricular fibrillation, 1097. 
Avitaminosis and starvation on duration of 
life, 690. 


Bacilli, dissociation of avian tubercle, 686. 

Bacillus aertrycke, infection with, 235. 

B. prodigiosus, resistance to aniline dyes, 
647 


B. tuberculosis, and chlorine compounds, 7. 
B. typ nesus agglutination, stimulation of, 
4 


B. welchii infection, with sterile liver ex- 
tract and bile salts, 136. 
culture medium, hydrolysate of pro- 
teins, 370. 
B. diphtheria, virulence and electrophoresis, 
883. 
tubercle, and jaundice, 297. 
Bacteria and aniline dyes, 646. 
and meat diet, 295. 
cultures, ultraviolet rays, 898. 
cyclic circulation, egg white, 361. 
determination of lactose in blood, 93. 
egg white medium, for gonococcus, 123. 
wae eres into intestine, and egg white, 
360. 
endospore formation, 615, 
fermentation by, 1078. 
gallbladder absorption, 366. 
growth stimulants, and heat, 463. 
ingestion by hookworm, 754. 
infection following keratitis, 787. 
intestinal absorption, and egg white, 358, 
into galibladder, and egg white, 364. 
intoxication and adrenalectomy, 478. 
intoxication, resistance, and adrenal ex- 
tract, 428. 
Ea ad ase in rheumatoid arthritis, 
419. 
myco-, and carbon, 472, 
of liver, 257. 
of tissue cultures from cervicitis, 733. 
spermagglutination, 827. 
suspension, skin disinfection, 375. 
uric acid, 815. 
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Bactericidal power of intestine, and gastric 
secretion, 372. 

of viosterol, 481. 

Bacteriophage, purification of, 32. 

staphylococcus, dyes, 745 

survival, 606. 

Bacterium granulosis and trachoma, 398. 

Barbiturates, and strychnine convulsions, 
917. 

Bile and cholesterol pigment, and protein, 1081. 

and pancreatic juice, buffer value, 567. 

Ca content, and stasis, 129. . 

cholesterol content aiter ligature cystic 

duct, 1066. 

fistula on blood cholesterol, 336. 

hepatic, and cholesterol, and gall blad- 
der, 1068. 

peritonitis, fat necrosis, 128. 

solubility of gall stones, 730. 

“white’’, cholesterol content, 1070. 
Bismuth, ionic migration of, 847. 
Blepharisma and golgi impregnation meth- 

ods, 805, 
Blood, alkalinity during gastric secretion, 
69 


and fat absorption, 628, 630. 

and penetration of fatty acids, 632. 

and suprarenalectomy, 376. 

and toxicity of proteose fractions, 238. 

and urine, and pituitary extract, 135. 

and vagal stimulation, 531 

bacteriological determination of 
tose, 93. 

Capillary, circulation in skeletal muscle, 
3. 


lac- 


capillary fragility, 113. 

capillary hematocrit, 491. 

cells, red, and ethyl alcohol, 445. 

cells, white, delayed differential count- 
ing, 658 

changes and diet, 219. 

chloride changes and diureses, 120. 

destruction and blood pigments protec- 
tion, 57. 

diathermy on, 1080. 

egg white on cyclic circulation of bac- 


teria, 361. ; 
elimination of toxic substance, 1053. 
erythrocyte and leucocyte counts in 


pregnancy, 179, 

exchange in parabiosis, colorimetry, 592. 

fibrin changes from right thread helix to 
left, 82. 

from epileptics, guanidine content, 553, 

from muscle, lactic acid content, 245. 

hemolytic properties of metals, 310. 

hepatectomy, and hemopoiesis and cy- 
tology of liver remnant, 181. 

human, differences in, 309. 

in nervous system after hypertonic so- 
lutions, 575. 

in syphilis, 1033. 

interrupted perfusion of heart and cor- 
onary flow, 635 

lactic acid and coronary circulation, 451, 

lactic acid, and posterior pituitary ex- 
tract, Solty 

leukocyte and _ differential 
vitamin A, 506. 

lipase in, and multiple sclerosis, 572. 

lipids and diet, 700. 

micro-Kjeldahl non-protein nitrogen, 348. 

plasma, chylomicron content of, 555, 

platelets, enumeration of, 523. 

) platelets, splenectomy on, 1088. 

pressure determinations, 130. 

pressures in adrenalectomy and decere- 
bration, 288. 

sugar, and insulin in diabetes, 487. 

sugar distribution between plasma and 
corpuscles, 548. 

sugar, fasting, 764, 889. 

sugar in jaundice, and CaCl, 126. 

total white cell count, 1030. 


count, and 
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vascular system, and estrin injections, 
2 


vessel, roentgenographic demonstration 
of vascular alteration, 354 
vessel surgery, and wires, 193. 
xanthine and hypoxanthine in, 215. 
Bone lesions, healed, and motility of gastro- 
intestinal tract, 932. 
lesions in hyperparathyroidism, and de- 
calcification, 793. 
transmission, cranial 
panic, 213. 
parathormone, and age, 174. | 
Brain, location of points in interior, 577. 
poliomyelitis virus after intracerebral in- 
oculation, 1093. 
Bronchi, production of mucous plugs, 533._ 
Broncho-constricting drugs, and thoracic 
size, 836. f 
Broth cultures and self-disinfection of skin, 


and cranio-tym- 


374. 
Bubble recorder for Mariotte bottles, 1008. 
Buffer value of bile and pancreatic juice, 567. 
Burette, gas, 230. 


Calcification of tubercles by CaCle, 1001. 
parathyroids in, and viosterol, 307. 
Calcium and P., and toxicity of viosterol, 
298 


and P. on tetany and serum Ca in para- 
thyroidectomy, 301. 
and viosterol, in parathyroidectomy, 303. 
chloride on blood sugar in jaundice, 126. 
content of bile, and stasis, 129. 
content of body, and food, 91. 
individual variation in serum, 907. 
on histamine wheals, 468. 
P. and proteins in cardiac edema, 263. 
viosterol, in parathyroidectomy, 306. 
Cage for animals, non-metal, 854. 
Canc active agent in chicken sarcoma, 
96. 


reducing power of, and filterable virus, 


Capillary circulation, skeletal muscle, 33. 
fragility, 113. 
Carbohydrates, 
date, 199. 
Carbon, and mycobacteria, 472. 
Carcinoma, and rattlesnake venom, 550. 
Cardiac arrhythmias, K, 163. 
failure, and digitalis, 856. 
ganglion, O consumption of, 200. 
output in hyperventilation, 939. 
Carotene and Vitamin A, 240. 
“Castration cells” in anterior hypophysis 
following estrin, 417. 
Cathartic agents, morphine and atropine, 
and intestine, 470. 
Centrifuging, super-, on fission rate, 877. 
Cerebrospinal fluid, 669. 
and blood, barrier, 871. 
pressure, hypertonic solutions on, 1064. 
Cervicitis, bacteriology of tissue cultures, 
Wess 
Cestode, larval, artificial immunity to, 884. 
Charcoal, activated, adsorption by, 564. 
Coemorereny, in experimental poliomyelitis, 


and ammonium metavana- 


Chenopodiales, biologic relationships, 502. 
Chilomastix, encystment in, 696 
Chloride, blood, and diuresis, 120. 

Chlorine compounds on B. tuberculosis, 7. 
Chloroform rigor, phosphate changes, and 
lactic acid, 712. 
Choy ents, experimental hepatogenous, 
Cholecystgastrostomy, liver changes after, 


693. 

Cholesterol and bile pigment, and protein, 1081. 
and hepatic bile, and gall bladder, 1068. 
blood, and biliary fistula, 336. 

Comet bile after cystic duct ligature, 
166. 
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content of white bile, 1070. 
Chylomicron content of blood plasma, 555. 
Cinchophen poisoning, 581. 
Citric acid, micros determination of 863. 
Cl. botuliniios Type C, toxin, duck disease, 
39. 
Clasmatocytes, and streptococcus leucoci- 
din, 850. 
COeg and intrapleural pressure, 832. 
on ether anesthesia, 623. 
Ceagulation by supersonic waves, 782. 
Cocaine on excised smooth muscles, 994. 
intestine, responses, 612. 
Coccidia, oocysts of, and temperature, 529. 
Coccidiosis, therapy, 608. 
Cod Bvet oil, reproduction and lactation, 
Cold, common, virus of, 513. 
resistance to, and cortin after adrenal- 
ectomy, 702. 
Colorime Dy. blood exchange in parabiosis, 
2, 


Copper in hemoglobin formation, 392. 
poisoning and liver, 166 
Cortin after adrenalectomy, and resistance 
to cold, 702. 
and resistance to histamine in supra- 
renalectomy, 650. 
assay of, 94. 
in  suprarenalectomy, 
474. 
preparation, 962. 
Cranial, intra-, pressure in epileptics, and 
hyperpyrexia, 604. 
Cresyl blue, dye penetrating nitella, 329. 
stability of, 92. 
Cysteine, oxidation of cobaltous, 674. 
Cysticercus fasciolaris, immunity to, 467. 
Cystine, resolution of inactive, 46 


and resistance, 


Decalcification, bone lesions in hyperpara- 
thyroidism, 793. 
Decerebration and adrenalectomy, and blood 
pressures, 288. 
Denervation, carotid sinus, 565. 
renal, and rattlesnake venom, 561. 
Development, explanted quadrants of Hen- 
sen’s node, 626. 
of eggs in sulphydryl and dl-alanine 
compounds, 660. 
Dextrose, conversion of levulose in 
tinal absorption, 810. 
temperature on malaria parasites, 743. 
Diabetes, insulin, and blood sugar, 487. 
Diathermy on blood, 1080. 
Diet, and blood changes, 219. 
and blood lipids, 700. 
and gastric hunger mechanism, 520. 
and Giardia canis, 708. 
and reproduction and lactation, 244. 
and tetany in rickets, 272. 
and tooth growth, 813. 
of meat and intestinal flora, 295. 
origin of pathological condition, 816. 
protein, and kidney, 590. 
Digestion, buffer value of bile and pancre- 
atic juice, 567. 
protein, in stomach, 383. 
Digitalis in cardiac failure, 856. 
“Di-Hydranol”’, toxicity and balantidicidal 
action, 196. 
Diphtheria toxin and antitoxin, titration, 
226 


intes- 


and carbohydrates, 423, 
Disinfection, self-, and menstrual cycle, 952. 
of skin, and broth cultures, 374. 
Diuresis, and blood chloride, 120. 
secretin, mechanism of, 565. 
Drugs on intrapleural pressure, 617. 
on strongyloides, 691. 
Dye, stability of cresyl blue, 92. 
agglutination and flocculation by, and 
» sera and spinal fluids, 516. 
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aniline, and B. prodigiosus, 647. 

aniline, and bacteria, I 

on inactivation of staphylococcus bac- 
teriophage, 745. 


Edema, brain, after pitressin, 551. 
cardiac, Ca., P., and proteins, 263. 
Electrical changes in embryo hearts, 61. | 
Electrocardiogram changes in pneumonia, 
266 


developmental aspects, 63. 
Einthoven’s law, , 
galvanometer tracings simulating, 482. 
heart movements with change of pos- 
ture, 766. 
Electrode, quinhydrone-collodion, 51. 
Electrodialysis in biological studies, 79. 
Empyema, chronic, 70. 
Encephalitis, rabies, pathology, 349. 
Encystment in Chilomastix, 696. 
Endaeree histolytica cultures, vital stains, 
2 


infection, and liver, 252. 
Enterokinase, determination of, 1055. 
Enzymic reactions, and oxidation-reduction 
potential, 154. 
Ephedrine on blood glucose, lactic acid and 
plasma fat, 333. 
on melanophores, 221. 
Epileptics, guanidine content of blood, 553. 
Epinephrine, iodides, thyroxine, and thyro- 
toxic heart, 504. 
on O consumption, 
104. 
cashes and esterase in liver and kidney, 


and hepatectomy, 


Erythrocytes, fragility to salts, 741. 
Ra rerese and ereptase in liver and kidney, 
357. 


Estrin injections and growth, 500. 
on various organs, 122. 
Estrus cycle, and nicotine, 740. 
Excretion of Vitamin B, 861. 
Eye, extirpation, and nerve cells, 27. 
resistance to bacterial infection after 
keratitis, 787. 


Fasting blood sugar, 764. 
Fat absorption, and blood, 628, 630. 
acids, penetration, and hemolysis, 632. 
composition of human, 749. 
content, posterior pituitary extract, 332. 
necrosis in bile peritonitis, 128 
nutritive value, 756 
plasma, ephedrine, 333. 
Fermentation, butyl and ethyl alcohols, 241. 
by bacteria, 1078. 
monosaccharides, 160. 
trimethylene glycol by, 462. 
Ferratin, precipitinogenic, 293. 
Fetal heart rate, 285. 
Fever, human yellow, serum, 937. 
Fibrillation, auricular and ventricular, 1097. 
Fibrin changes from right thread helix to 
left, 82. 
Fibrinogen, adrenalin on, 671. 
Filters, carbon, 972. 
Filtrate and vaccine, S. aureus, skin reac- 
tivity, 584. 
Folliculi, extracts, and theelol and theelin, 
714. 
Food, and calcium content of body, 91. 
intake during hyperthyroidism, 
vitamin B, 646. 
poisoning, and staphylococcus, 390. 
Fowl pox virus in mosquitoes, 463. 
Function, absence of, and optic system, 36. 


and 


Gallbladder, absorption of bacteria, 366. 
eggwhite elimination of bacteria into, 364. 
visualization and jaundice, 382. 
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Gall stones, and gall bladder, 945. 
bile, salt-cholesterol ratio, 947, 
chemical factors, 944. 
solubility in bile, 730. 
Gastrectomy, total, and hunger, 545. 
Gastric juice, and intestinal ulcers, 960. 
secretion and imidazoles, 115, 
secretion, and hyperventilation, 437. 
secretion upon bactericidal power of in- 
testine, 372. 
Gastro-intestinal tract, motility in starva- 
tion, 249. 
Gelsemicine, pharmacological action, 779. 
Gelsemium, toxicity, 789. 
Germicidal action after radiation, 291. 
Giardia canis, and diet, 708. 
in intestine, 621. 
Glucosamine and glycollic acid, and sodium 
benzoate, 216, 
Glucose, blood, ephedrine on, 333. 
tolerance, 547. 
tolerance and acidosis, 165. 
tolerance, plasma protein distribution, 
1041. 
Glycine and meat, specific dynamic action, 
483 


Glycogen formation after xylose, 448. 
formation from amino acids, 894. 
in tissue, determination of, 228. 
liver, determinations, 774. 
Glycollic acid and glucosamine on sodium 
benzoate, 216. 
Goiter producing substance in cabbage, 1017. 
Golgi impregnation methods, and blepha- 
risma, 805. 
Gonad extracts, basal gaseous metabolism, 
i5. 
Gonococcus, egg white digest medium, 123. 
Graves’ Disease, suprarenal cortex, and 
hexuronic acid, 327. 
Growth and amino acids, 731. 
and estrin injections, 500. 
and pineal gland extract, 322. 
and sexual maturity in Daphnia, 334, 
and soil aeration, 868. 
mammary, and milk secretion, 1. 
of kidney, and uric acid, 625. 
of tubercle bacillus, 819. 
power of eosinophilic and basophilic cell 
groups in anterior pituitary, 84. 


reproduction and _ lactation, and beef 
liver, 597. : ie 
substance of anterior pituitary, and 


basal gaseous metabolism, 16. 
super-centrifuging on fission rate, 877. 
tooth, and diet, 813. 

Guanidine content of blood, and obstruction 

of hepatic veins, 583. 
of blood from epileptics, 553, 


Halogenation of oxyquinoline, 484, 
Hearing, cranial and cranio-tympanic bone 
transmission, 213. 
Heart, and exercise, 598. 
arhythmias in, and radiation, 1057. 
atelectasis and pneumectomy, 1051. 
beat rate and ultraviolet point radia- 
tion, 121. 
decremental conduction in, 461. 
ilex opaca on, 976. 
interference dissociation and reciprocat- 
ing rhythm, 264. 
interruption of perfusion, upon coronary 
flow, 635. 
invariants of electrocardiogram, 1051. 
movements with change of posture, 766. 
rate, fetal, 285. 
size, and nutritional anemia, 479. 
thyrotoxic, and iodides, thyroxin, 
epinephrine, 504. 
vagus nerve fibers, 879. 
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Hematocrit, capillary, 491. / : 
Hematopoietic function and vitamin A de- 
ficiency, 495. 
and vitamin D deficiency, 496. 
and vitamin G deficiency, 498. _ 
Hemoglobin content and O capacity of 
biood, 929. 
formation, copper, 392, 
regeneration, lactate oxidation, 401. 
Hemolysis, triethanolamine, on 926. 
Hemolytic properties of metals, 310. 
Hemophilia, 752 i 
Hepatectomy, and epinephrine on O con- 
sumption, 104, ¢ 
and hemopoiesis and cytology of liver 
remnant, 181. : 
Hepatogenous cholecystitis, experimental, 
116. 
Hexuronic acid in Graves’ Disease with su- 
prarenal cortex, 327. 
Hexylresorcinel and hookworm, 191. 
on eggs, 1036. ; : 
Histamine, colon absorption, ether-oil mix- 
tures, 368. 
isolation from pyloric mucosa, 941. 
on gastric pepsin secretion, 194. 
on salivary flow, pilocarpine, 134. 
resistance to, and cortin in suprarenal- 
ectomy, 650. 
wheals, calcium on, 468. 
Hookworm larvae, ingestion of bacteria by, 


and hexylresorcinol, 191. 
Hormone, alcohol from urine in pregnancy, 88. 

anterior pituitary and basal gaseous 
metabolism, 16. 

chromatophore reaction to an _ oestro- 
genic, 874. 

corpus luteum extract on ovary, 977. 

cortical, of adrenal gland, 510. 

cortin, and resistance to histamine in 
suprarenalectomy, 1022. 

endocrine secretions on adrenal cortex, 
41. 

gonad extracts and basal gaseous meta- 
bolism, 15 

gonad stimulation, extracts pregnancy- 
urine and pituitary, 956. 

hypophyseal, and prolan, 845. 

hypophysectomy on incisor, 934. 

hypophysis, in parabiosis, 869. 

in urine, and resistance in suprarenal- 
ectomy, 1024. 

luteinizing substance of 
urine, 873. 

oestrin and corpus luteum, in parabio 
sis, 866. 

oestrin and lutein on uterus, 801. 

ovarian and anterior pituitary, in preg- 
nancy, 403. 

preparation of cortin, 962. 

prepituitary maturity, 999. 


pregnancy 


secretions of pancreas and suprarenal, 
3. 

sex, antagonism, 38. 

suprarenal cortical extract on N and 


sugar elimination, 989. 
theelin on ovary, 885. 
cia and thyroxin on metabolic rate, 


urine in pregnancy, 807. 
viosterol and parathormone, 

parathyroidectomy, 527. 
Hunger after gastrectomy, 545. 
mechanism, gastric, and diet, 520. 


in thyro- 


Hydrokollag, absorption from obstructed 
bowel, 542, 

Hyperglycemia, _teflex, central nervous. 
mechanism in, 524. * 

Hyperparathyroidism, decalcification and 


bone lesions in, 793 
Hyperpyrexia upon intracranial pressure in 
epileptics, 604. 


SuBJEcT INDEX 


Hype een food intake, and vitamin 


> 
Hypophyseal hormones, anterior, and pro- 


lan, 84. 
Hypophysectomy, prolan | in, 843. 
Hypophysis, anterior, ‘“‘castration cells’, 


after estrin, 417. 
constituents of adult human female, 716. 
estrin injections on, 122, 
Hypoxanthine and xanthine in blood, 215. 


Imbibitien in disintegration, 1019. 
Imidazoles on gastric secretion, 115, 
Immunity among Eskimos, 887. 
and allergy, in coccidial infections, 831. 
anti- poliomyelitis serum, viricidal anti- 
bodies, 28.’ 
to Cysticercus, 467. 
in experimental poliomyelitis, 10. 
oral, against pneumococcus, 822. 
serum production in poliomyelitis, 30. 
with anti-gonococcus serum, 1048 
with anti-meningococcus and pneumo- 
coccus sera, 1050. 
In vitro actions of tissue extracts, 18, 
quantitative tissue culture, 282, 
Inanition, and skeletal muscle, 247. 
motility of gastro-intestinal tract, 249. 
Infection, acute upper respiratory, 53. 
with B. aertrycke, 235. 
with Strongyloides, 919. 
Inflammation, pharmacology of, 168. 
Insulin and renal ligation on sugar toler- 
ance, 465. 
in diabetes, and blood sugar, 487. 
Intestinal absorption of viable yeast, 948. 
activity in experimental obstruction, 
morphine, 434. 
gastro-, tract motility, and healed bone 
lesions, 932. 
high obstruction, prolonging life, 111. 
obstruction, experimental, low, 942. 
obstruction, gas, 902. 
stasis, x-ray, 343. 
Intestine, absorption, conversion of levulose 
to dextrose, 810. : 
ee agents, morphine and atropine, 
0 


bacteria into, and egg white, 360. 

destruction of yeast in, 589. 

egg white absorption of bacteria, 358. 

bactericidal power, and gastric secre- 
tion, 372. 

Giardia in, 621. 

histamine absorption, and ether-oil mix- 
tures, 368 

in peritonitis, morphine, 1056. 

jejunal alimentation in absence of gastric 


juice, 569 
oi ae absorption of hydrokollag, 
42 


protozoan infections, 709. 
response of cocainized, 612. 
Intrapleural pressure, and. Cog, 832. 
Iodide of iron, and vitamin A-free diet, 187. 
thyroxin and epinephrine, and thyro- 
toxic heart, 504. 

Iodochloroxyquinoline as an amebacide, 838. 
Iodoxybenzoate test reagent for free phen- 
olic hydroxyl groups, 148. 

Iron deficiency, 636 

Irradiated tetanus toxin, 494. 

Irradiation electrokinetic potential, 
tinability, lysis and pH, 


agglu- 


Jaundice, and gall bladder visualization, 382, 
and tubercle bacillus, 297. 
CaCl on blood sugar, 126, 


Kala-azar, transmission of, 231. 
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Keratitis, tesistance to bacterial infec- 
tion, 787, 
KI, and thyroid, 394, 
Kidney, and inorganic phosphate, 324. 
and liver, esterase and ereptase, 357. 
and protein diet, 590. 
denervated, and rattlesnake venom, 561. 
estrin injections, 122. 
function in mouse, 918. 
growth, and uric acid, 625. 
production of extracutaneous, 559, 
xylose excretion, 5. 


Lactate, oxidation, regeneration of hemo- 
globin, 401. 
production in muscle, 162. 
Lactation, beef liver, 597. 
reproduction, and cod liver oil, 393. 
reproduction, and diet, 244, 
Lactic acid, blood, and coronary circula- 
tion, 451. 
content of blood from muscle, 245. 
ephedrine on, 333 
of blood, posterior pituitary extract, 331, 
on transplanted tumors, 538. 
on unicellular organisms, 536. 
phosphate changes in chloroform, 712. 
Lactose in blood, bacteriological determina- 
tion, 93 
Lesions, anatomical, in isolated organ, 777. 
Leucosis, agent transmitting, 985. 
fate of blood after transfusion, 987. 
susceptibility, age, breed, 986. 
transmission of, 449. 
Leucemia, susceptibility to inoculated, 1012. 
Levulose, conversion to dextrose, absorp- 
tion, 810. 
Lipases, blood and tissue, specificity, 570. 
in blood in multiple sclerosis, 572. 
Lipids, and proteins, 243. 
content and muscle contraction, 737. 
metabolism of tumor, 1074. 
Liver, acute passive congestion, 580. 
and copper poisoning, 166. 
and Endamoeba infection, 252. 
and growth, reproduction and lactation, 
97. 


and kidney, esterase and ereptase, 357. 
and pernicious anemia, 2, 
bacteriology, 257. 
changes after cholecystgastrostomy, 693. 
extract and bile salts, and B. welchii 
infection, 136. 
extract, assaying potency, 676, 
glycogen determinations, 774. 
obstruction, upon guanidine content ot 
blood, 
staining differences of Raley 574, 
therapy, and spinal cord, 
Lung, drugs on intrapleural’ alte 617. 
Lutein and oestrin on uterus, 801. 
Lymph transport, breakdown of, 853. 
Lymphatic, permeability of, 852. 
Lysis, irradiation on, 811 


Malaria parasites, dextrose and temperature 
on, : 

Manganese and amino acids, 830. | ; 

Meat and glycine, specific dynamic action, 
4 


Media, broth cultures and self-disinfection 
of skin, 374. 
Melanophores, ephedrine on, 221. 
Meninges, development, 974. 
Menstruation and anterior pituitary, 185. 
and pulse rate, 997. 
self-disinfecting skin, 952. 
Mental reaction, physiological changes, 34. 
Mercurial compounds, toxicity, 687. 
Metabolism, adrenalectomy, adrenal 
mone, 728. 


hor- 
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basal, determination, 259. oe. 
basal gaseous, and anterior pituitary, 16. 


basal gaseous, and gonad stimulating 
extractesslo.a P 
carbohydrate, in degenerated striated 


muscle, 578. arts ( 
nitrogen, and soybean “milk” proteins, 
218 


of nerves, 954. 

renal, 776. 

thyroxin on tissue, 726. 
Metals, hemolytic properties, 310. 
Methanol, toxicity of synthetic, 759. 
Milk secretion and mammary growth, 1. 
Mold spores, and heat, 970. 
Monosaccharides, fermentation, 160. 
Morphine and intestine, 470. 

intestinal activity in obstruction, 434. 

on intestine in peritonitis, 1056. 
Mosquitoes, fowl pox virus, 463. 
Mucin, gastric, and peptic ulcer, 138. 
Mucous plugs in bronchi, production, 533. 
Muscle, amytal, 656. 

cardiac, K content, 250. 

cocaine on excised smooth, 994. 

contraction, anaerobic recovery, 415, 

contraction on lipid content, 737. 

degenerated striated, carbohydrate me- 

tabolism, 578. 

lactate production, 162. 

lactic acid content of blood from, 245. 

skeletal, and fasting, 247. 

skeletal, capillary circulation, 33. 

tissue respiration, suprarenalectomy, 378. 
Mycobacteria and carbon, 472. 
Myxomatosis, infectious, 413. 


Neoplasm, tar on experimental teratoids, 25. 
Nephritis, osmotic pressure of plasma pro- 
teins, 720, 
Nerves, absorption spectrum, 705. 
afferent impulses in carotid sinus and 
aortic, 1014. 
blood and vagal stimulation, 531. 
cells, effect of extirpation of eye, 27. 
cord, and liver therapy, 639. 
decremental conduction in heart, 461. 
degenerating, water and P combina- 
tions, 49, 
division of phrenics on costal respiratory 
movements, 178. 
physiological reactions 
spinal cord, 89, 
fibers, stimulation, 682, 
inhibitory mesenteric, to intestine, 993. 
unmyelinated sensory fibers, 381. 
mechanism, central, and reflex hyper- 
glycemia, 523. 
system, allergic phenomena, 795. 
system, and pulmonary ventilation, 765. 
system, and transplantation of spinal 
cord, 48 
and vitamin B deficiency, 645. 
system, blood, after hypertonic 
tions, 575, 
Nicotine on estrus cycle, 740. 
puteies: dye penetrating from cresyl blue, 


with severed 


solu- 


Nitrogen metabolism, and soybean “milk” 
proteins, 218, 

micro-Kjeldahl non-protein of blood, 348. 

Necel in hepatic cells, staining differences, 


“Nucleoprotein”’ from gonococcus, 1046. 
Nutrition, peptides in, 915 
Nutritional anemia, 431. 

value of fats, 756. 

of oils, 905. 


Oestrin and lutein on uterus, 801. 
Oils. nutritive value, 905. 
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Optic system, absence of function, 36. 
Osmate. pressure of plasma proteins, 718. 
in nephritis, 720. 
Osteoarthropathy, pulmonary, 1083. P 
Ovariotomy, and implantation of testicular 
tissue, 314. Set 
artificial insemination 
sperm, 316. 
Ovulation, 318. 
in early pregnancy, 117. 
induction, 677. P 
Oxidation by yeast, optimum pH, 710. | 
chemical control of pulmonary ventila- 
tion, 765. 
quinone, 540. : 
reduction potential on enzymic reac- 


with motile 


tions, 154 i 

Oxygen capacity, hemoglobin content of 
blood, 3 d 
consumption, epinephrine, hepatectomy, 
104. 


consumption of cardiac ganglion, 200. 
Oxyquinoline, halogenation of, 


Pancreatic juice and bile, buffer value, 567. 
juice, total loss, 110. 
fistula, 109. 
secretion, continuous, 724. 
Paramecium bursaria, micronuclear appara- 
tus, 818. 
Parathormone and viosterol in thyropara- 
thyroidectomy, 527 
on bones, and age, 174. 
Parathyroid in calcification, and viosterol, 
307 


tetany, viosterol, 379. 
Parathyroidectomy, Ca and P on 
and serum Ca in, 301. 
viosterol on Ca., 306, 
viosterol on serum Ca, 303. 
Pathology of dietetic origin, 816. { 
prpaacuian of extracutaneous kidney, 
61 


tetany 


scarlet fever toxin, 95, 


Pepsin, gastric, secretion, and histamine, 
194, 
Peritonitis, bile, fat necrosis, 128. 
death, 59 ‘ 
Permeability, amino acids through mem- 
branes, 829. 


arg penetrating nitella from cresyl blue, 
9 


of lymphatic, 852. 
PH, colorimetric determination of, 736. 
irradiation, 811, 
variations, for oxidation by yeast, 710. 
Pharmacology of gelsemicine, 779 
of Ruvettus pretiosus, 772. 
Phosphatase, plasma, 760. 
Phosphate changes in chloroform rigor, and 
lactic acid, 712, 
inorganic, and renal damage, 324. 
low serum, and rickets healing, 243. 
Phosphorus water combinations of degener- 
ating nerves, 49. 
and Ca on tetany and serum Ca in para- 
thyroidectomy, 301. 
and Ca, and toxicity of viosterol, 298. 
Ca, and proteins in cardiac edema, 263. 
determination, 762. 
excretion in urine, 1065. 
Physical chemistry, undercooling in mater- 
ial of high solid content, 896. 
Fbysigio sical changes in menial reaction, 
4 


_ Teactions with severed spinal cord, 89. 
Figmentary reaction in larvae after x-ray, 


Pilocarpine, salivary flow induced by, and 
histamine, 134. 
Pineal gland extract and growth, 322. 
extract and sexual apparatus, 322. 


' Pitressin, brain edema after, 551. 
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Pituitary, anterior and basal gaseous meta- 
bolism, 16. 
anterior, and menstruation, 185. 
anterior, and thyroid, 209. 
anterior, growth promoting power of 
eoulnop lie and basophilic cell groups, 


anterior, hormones in pregnancy, 403. 

extract, and blood and urine, 135. 

extract, plasma concentration, fat, blood 
sugar, 332, 

eriract, posterior, lactic acid of blood, 


Placenta, transmission of amytal, 490. 
Plasma and corpuscles, blood sugar dis- 
tribution, 548. ‘ 
phosphatase, 760. 
phosphatase, P., Ca., and glucose, 913. 
epee in nephritis, osmotic pressure, 
proteins, osmotic pressure, 718. 
Pneumococcus 9 antibodies, concentration 
from sera, 276. 
antibodies from plasma, 278, 
“exudate” antisera, 280. 
infection, and anaerobic toxins, 457. 
oral immunization, 822 
oral vaccination, 587. 
polysaccharide, 274. 
specific soluble substances in blood in 


pneumonia, 
Pneumonia, electrocardiographic changes, 
266. 


specific soluble substances of pneumo- 
coccus in blood, 23 
Poliomyelitis, and spraying with live virus, 
1004. 
anti-, serum, 28, 412. 
chemotherapy in experimental, 176. 
experimental, immunization, 10. 
experimental, serological studies, 8. 
immune serum production, 30. 
test for immune bodies, 405. 
virus, 158. 
virus, and allergy, 1072. 
virus in brain after intracerebral inocula- 
tion, 1093. 
virus in serum, antibodies, 409. 
Polysaccharide, and eye hypersensitivity, 
320. 


of pneumococcus, 274. 
Potassium content of cardiac muscle, 250. 
in cardiac arrhythmias, 163. 
Pregnancy, diagnosis from urine, 407. 
erythrocyte and leucocyte counts, 179. 
ovulation, 117, 
Prolan oe anterior hypophyseal hormones, 
845. 
in hypophysectomy, 843. 
Proteins and lipids, 243. 
digestion in stomach, 383. 
distribution, plasma, and glucose toler- 
ance, 1041. 
plasma, osmotic pressure, 718. 
serum, determination, 204. 
Proteose fractions, toxicity of, and portal 
circulation, 238, 
urinary, skin reactions to injections, 668. 
Protostrongylus rufescens, 156. 
Protozoan infections of intestinal tract, 709. 
Psychopathological effect of sodium amytal, 
864 


Pulse rate and menstrual cycle, 997. 


Rabies, encephalitis, pathology, 349. 
Radiation, and arrhythmias in heart, 1057. 
and developmental abnormalities, 1059. 
and germicidal action, 291. 
and rickets, 106, 443. 
and thyroid hyperplasia, 205. 
in intestinal stasis, 343. 
ultraviolet, heart beat, 121. 
Rat board for x-ray, 770. 
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Reflex circuit, simple, 1043. 
conditioned emetic, 979. 
enterogastric, 968. 


Regeneration of virus myxomatosum, 791. 
sulfhydryl compounds, 797 
Renal ligation and insulin on sugar toler- 
ance, 465. 
metabolism, 776. 
vessels, roentgenographic study, 351. 


Reproduction, and beef liver, 597. 

and lactation, and cod liver oil, 393. 

and lactation, and diet, 244. 

delayed, in Amblystoma, 21. 
Reproductive organs, estrin injections, 122. 
ae acquired, and suprarenalectomy, 


Resorcinols, oral toxicity, 609. 
Respiration, cyanide-stable, 995. 
infection, acute upper, 53. 
movements, division of phrenics, 178. 
apne tissue, and  suprarenalectomy, 
muscle tissue, thyroidectomy and supra- 
renalectomy on, 747. 
supplement, 966. 
Rickets, and light, 443. 
and radiation, 106. 
healing and low serum phosphate, 243. 
tetany in, and diet, 272 
yeast and sodium phosphate, 456. 
Rickettsia of typhus fever, growth, 3. 
Roentgenograph of vascular alteration, 354. 
study of renal vessels, 351. 
Ruvettus pretiosus, pharmacology of, 772. 


Salivary flow induced by pilocarpine, and 
histamine, 134. 

Salmonella pullorum and Shigella, differen- 
tiation, 501. 

Sarcoma, active agent in chicken, 796. 


concentration of causative agent in 
filtrate, 206. Sane 
Rous chicken, tumor inhibiting sub- 


stance, 517. 
Scarlet fever faucial exudate, and scarlatinal 
syndrome, 100. 
toxin, and pathological lesions, 95. 

Secretin diuresis, mechanism of, 565 

Secretion and incretion, 1039. 
gastric, alkalinity of blood during, 698. 
gastric, and imidazoles, 115 
of gastric pepsin, and histamine, 194. 

Semen, action on uterus, 268. 

Sensitization in atopic individuals, 425. 

Serology in experimental poliomyelitis, 8. 
with albumose, 983. 
with blood of Cavia porcellus and ru- 

fescens, 981. 
Serum and spinal fluids, and agglutination 
and flocculation by dyes, 516. 
anti-, absorption of antibodies from, 492. 
antibodies for poliomyelitis virus, 409. 
anti-meningococcus and -pneumococcus, 
immunology, 1050. 
antipneumococcus, production, 279. 
antipoliomyelitis, 412. 
antipoliomyelitis, viricidal antibodies, 28. 
immune, production in poliomyelitis, 30. 
immune with anti-gonococcus, 1048. 
of human yellow fever, 937. 
proteins, determination, 204. 
sickness, 881. 

Sex, factors in male production, 820. 
apparatus and pineal gland extract, 323. 
maturity and growth in Daphnia, 334. 

Shigella and Salmonella, differentiation, 501. 

Sinus, carotid, denervation, 565. 

Skin reactions, and urinary proteose, 668. 
reactions in hypersensitiveness, 72. 
self-disinfection, and broth cultures, 374. 
disinfection, bacterial suspension for, 375. 
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Sodium benzoate, glucosamine and glycollic 
acid, 216, 
Solubility, phthalate buffers at low tempera- 
ture, 601. 
Spatial discrimination, 341. 
Specific dynamic action of meat and gly- 
cine, 483. 
Specificity of blood and tissue lipases, 570. 
Sperm, agglutination by bacteria, 827. 
artificial insemination with motile, 316. 
migration through cervix, 857. 
transport through cervix and uterus, 
312. 
Spinal fluids and sera, and agglutination 
and flocculation by dyes, 516. 
Spirometer, simple, 35. 
Stains, vital, on Endamoeba cultures, 255. 
Staphylococcus, food poisoning, 390. | 
Starvation and avitaminosis on duration of 
life, 690. 
Stasis on calcium content of bile, 129. 
Stillbirths in mouse interspecific cross, 55. 
Stomach, protein digestion in, 383 
yeast destruction, 385. 
Streptococcus epidemicus, 991. 
hemolytic, in rheumatoid arthritis, 421. 
leucocidin, and clasmatocytes, 850. 
Strongyloides, drugs on, 691 
human, 253. 
Strychnine convulsions, and barbiturates, 
917. 
Sugar, blood, and insulin in diabetes, 487. 
blood, concentration in vitro, 326. 
blood, distribution between plasma and 
corpuscles, 548. 
blood, posterior pituitary extract, 332. 
fasting blood, 764. 
Sulphydryl compounds and dl-alanine on de- 
velopment, 660. 
compounds on regeneration, 797. 
protein, 170, 
Supersonic waves, coagulation, 782. 
Suprarenal cortex, biological assay, 
resistance, 474. 
cortex in Graves’ Disease, and hexuronic 
acid, 327. 
glands, innervation, 325. 
Suprarenalectomy, and blood, 376. 
and thyroidectomy on muscle 
respiration, 747. 
and acquired resistance, 648. 
on muscle tissue respiration, 378. 
resistance to histamine, and cortin, 650, 
Surface films on chylomicrons, 189, 
Surgery, blood vessel, 193. 
Syphilis, blood in 1033. 
cellular reaction in, 654. 


and 


tissue 


Tar, and experimental teratoids, 25. 
Temperature, and oocysts of coccidia, 529. 
low, stability and solubility of phthalate 
buffers, 601. 
on malaria parasites, 743. 
on mold spores, 970. 

Testicular tissue implantation, and ovario- 
tomy, 314, 

Tetanus toxin, irradiated, 494. 

Tetany in rickets, and diet, 272. 

parathyroid, viosterol, 379. 

Theelin and theelol, and extracts of liquor 
folliculi, 714. 

Therapy in coccidiosis, 608. 

Thermophilic organisim, life cycle, 202. 

Thoracic size following broncho-constricting 
drugs, 836. 

Thymic weight and resistance to bacterial 
intoxication, and adrenal cortex ex- 
tract, 428. 

Thyroid and anterior pituitary, 209. 

and estrin injections, 122, 
and KI, 394 
and thyroxin and metabolic rate, 64. 
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hyperplasia and radiation, 205. 
ocala ation of prospective, in blasto- 
derm, 132. 4 
hyper-, biological reaction, 562. 
Thyroidectomy and suprarenalectomy on 
muscle tissue respiration, 747. 
Thyroxin on tissue metabolism, 726. 
and thyroid on metabolic rate, 64. ‘ 
iodides and epinephrine, and thyrotoxic 
heart, 504, 
Tooth growth, and diet, 813. ‘ 
Toxicity, elements in subcutaneous tissues, 
921 


of gelsemium, 789. 
oral, of resorcinols, 609. 
Toxicology of “di-hydranol”’, 196. 


Toxin and antitoxin, diphtheria, titration 
of, 226 j 
antitoxin neutralization, on collodion 
particles, 1010. é 
antitoxin reactions on collodion par- 
ticles, 65 


diphtheria, and carbohydrates, 423. 

irradiated tetanus, 494, k 

of Cl. botulinum Type C, and duck dis- 
ease, 339. : é 

an fever, and pathological lesions, 
9 


susceptibility of epithelium of skin, 1015. 
Trachoma, and bacterium granulosis, 398. 
Transplantation, heteroplastic, in Amblys- 

toma, 998. 

localization of prospective thyroid, 132. 

medulla, 1018. 

of spinal cord, and nervous system, 48. 

of ureteral segments, 125. 

Transplants of adrenal cortex into ovary, 
600. 


Trichinosis, experimental, and neutroflavine, 
432. 


Tubercle bacillus, growth, 819. 
Tuberculin type of hypersensitiveness, skin 
reactions in, 72. 
Tumor inhibiting substance in filtrate of 
Rous chicken sarcoma, 517. 
lipid metabolism of, 1074. 
transplanted, lactic acid, 538. 
Typhus. fever, growth of rickettsia, 3. 


Ulcer, experimental, jejunal, 935. 
intestinal, by gastric juice, 960. 
peptic, and gastric mucin, 138. 
Ultraviolet lamps and rickets, 106. 
light, germicidal action after, 291. 
radiation and heart beat, 121. 
rays on bacterial cultures, 898. 
Urea excretion, and age, 43. 
Ureteral segments, transplantation of, 125. 
Uric acid, and growth of kidney, 625. 
bacteria on, 815. 
Urine, allantoin in, 486. 
and blood, and pituitary extract, 135. 
arsenic excretion after acetarsone, 145, 
diagnosis of pregnancy, 407. 
excretion of P., 1065. 
in pregnancy alcohol, 88, 216. 
in pregnancy, specificity of reaction, 807. 
Uterus, action of semen on, 268. 
smooth muscle, and Vitamin C defici- 
ency, 139, 
transport of spermatozoa through, 312. 


Vaccine Te filtrate, S. aureus skin reactivity 
to, 4 
oral, against pneumococcus, 587. 
Vaginal smear, 841. 
Vagus nerve fibers to heart, 879. 
Venom, rattlesnake, and carcinoma, 550. 
Viosterol and parathormone in thyropara- 
thyroidectomy, 527. 
and parathyroids in calcification, 307. 
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bactericidal power of, 481. 

in parathyroid tetany, 379. 

on Ca in parathyroidectomy, 306. 

on serum Ca in parathyroidectomy, 303. 
toxicity, and Ca and P, 298. 


Virus myxomatosum, regeneration of, 791. 


of cattle warts, inoculation with, 1027. 

of common cold, 513, 

poliomyelitis, 158. 

poliomyelitis, in brain after intracerebral 
inoculation, 1093. 

cereving with live, and poliomyelitis, 


B deficiency, and nervous system, 645. 
B excretion, 861 


Baccncieacy and uterine smooth muscle, 
39. 


D ‘deficiency, and hematopoietic func- 
tion, 

D deficiency and liver, 440. 

G deficiency, and hematopoietic func- 
tion, 498. 

G deficiency and liver, 442. 


Water content of tissues, 963. 
tumors produced by filterable, reducing Weight, body, in pregnancy, 664. 
power of, 684. 
Vitamin A and carotene, 240. FARE 
A, and leukocyte and differential count, Xanthine and hypoxanthine in blood, 215. 
506. X-ray in intestinal stasis, 343. 
pigmentary reaction after, 594, 
Xylose excretion by kidneys, 5. 
glycogen formation after, 448. 


A deficiency, and hematopoietic func- 
tion, 495. 

A deficiency and liver, 439. 

A-free diet, and iodide of iron, 187. 

B, and anorexia, 750. 

B, and food intake during hyperthyroid- 
ism, 646. 

B, appetite and untilization of food, 1086. 


Yeast destruction in intestine, 589. 
destruction in stomach, 385. 
optimum pH for oxidation by, 710. 
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